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Introductory  Note 


THE  successful  education  of  the  man  in  the  shop  is  a  ques- 
tion of  vital  importance.  The  difficulties  under  which  he 
toils  in  his  struggle  for  advancement,  and  his  daily  labor, 
render  impossible  the  usual  means  of  education,  and  prevent  the 
attendincr  of  a  resident  technical  school.  Probably  the  most  suc« 
cessful  substitute  for  such  a  school  is  the  correspondence  method 
of  instruction. 

^  Thousands  of  mechanics  are  improving  their  condition  by  de- 
voting a  half  hour  each  day  to  systematic  study  under  the  direction 
of  men  who  have  had  long  experience  in  teaching,  and  in  practical 
shop  work.  There  are,  however,  many  who  cannot  affonl  the  time 
and  expense  necessary  for  a  correspondence  school  course.  For 
such  the  Cyclopedia  of  Modem  Shop  Practice  is  pre{)ared. 

g\  The  instruction  papers  forming  the  Cyclopedia  have  been  pre- 
pared especially  for  home  study  by  acknowle<lged  authorities,  and 
represent  the  most  careful  study  of  actual  shop  needs  and  condi- 
tions. Although  primarily  intende<i  for  corresjHjndence  study, 
many  are  in  use  as  text  lxx)ks  by  Harvard  Tniversity,  Columbia 
Vniversity,  Ijehigh  University,  Iowa  State  College,  the  University 
of  Maine,  the  U.  S.  (Tovernment  in  its  School  of  Submarine 
Defense,  the  Westinghouse  Companies  in  their  Shop  School,  and 
for  reference  in  the  leading  colleges,  shops  and  public  libniries. 


(I,  Years  o(  e.vjH.TieiR'e  in  tb«  sliuj>.  lal>urator_r,  and  vlass-room 
have  l^eeii  require<l  in  th«  preparatiou  of  the  Tarious  sections  of 
tile  ('vt'lo|»wiia.  Each  section  has  been  tested,  by  actual  use,  for 
its  practical  valim  to  the  man  who  desires  to  know  the  latest  aod 
Ijest  jiractice  in  the  shop  or  engine  room. 

C^iiineroiis  examples  for  practice  are  inserted  at  intervals;  these, 
with  the  test  questions,  help  the  reader  to  iix  in  mind  the  essential 
]K>ints,  thus  combining  the  advantages  of  a  text  book  with  & 
reference  work. 

4X  (iratefiil  acknowlf^lgment  is  due  to  the  corps  of  writers  aod 
colIalforatorB.  who  have  prepared  the  many  sections  of  this  work. 
Tlie  hearty  co-o[»eration  of  these  men — engineers  of  wide  practical 
ex]>eneiice  and  acknowledged  ability  —  has  alone  made  these 
volumes  [)OSBible. 

<t  The  ('ycloj>edia  has  been  compiled  with  tlie  idea  of  making  it  a 
work  thorunghly  technical  yet  easily  comprehended  by  the  man 
who  has  but  little  time  in  which  to  aopiaint  liiniself  with  the 
fundamental  branches  of  jiractical  engineering.  If,  therefore,  it 
shonl<1  l)enelit  any  of  the  large  iiumlier  of  w<irkers  who  need,  yet 
lack,  t<-c1mical  tniijiiiig,  the  editors  will  feel  that  its  mission  has 
l>een  acc<nnplisbe«l. 
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PATTERN   MAKING. 

PART  I. 


Pattern  Making  dates  back  to  the  time  when  the  first  article 
was  made  from  molten  metal  for  the  use  of  man.  The  pattern 
must  precede  the  making  of  its  metal  comiterpart,  and  is  therefore 
the  first  subject  to  be  treated  in  the  working  of  metal. 

Qualifications  of  the  Pattern  Maker.  The  pattern  maker  is 
essentially  a  worker  in  wood,  though,  where  many  castings  are  to 
be  made  from  the  same  pattern,  the  final  or  working  pattern  is  made 
of  metal.  These  metal  patterns  are  very  serviceable,  and  leave  the 
sand  more  easily  and  cleanly  than  those  made  of  wood.  Metal 
patterns  are  always  necessary  when  the  work  is  of  a  delicate  or 
very  light  character.  In  all  such  cases,  however,  the  first  pattern 
— from  which  the  metal  pattern  is  to  be  moulded — is  made  of  wood, 
allowance  being  made  for  double  shrinkage,  and,  when  necessary, 
for  double  finish.  The  necessity  for  this  will  bo  clearly  explained 
farther  on. 

The  i)attem  maker  should  possess  a  practical  knowledge  of 
the  properties  of  metals.  First  of  all,  he  must  understand  the 
shrinkage  of  metals,  that  is  to  say,  how  much  smaller  the  cold 
casting  will  be  than  the  molten  mass  as  it  flows  into  the  mould: 
he  should  know  what  the  strength  of  the  metal  is;  he  should  be 
familiar  with  the  relative  rapidity  of  cooling,  so  that  internal 
stresses  in  the  body  of  the  completed  casting  may  be  avoided 
as  much  as  possible;  he  also  should  know  enough  about  the 
practic^il  work  of  the  moulder  to  decide  upon  the  ix^ciiliarities  of 
construction  of  thii  pattern  for  any  given  pii^ce;  and  he  must  Ix^ 
sufficiently  skillinl  as  a  draftsman  to  hiy  out,  without  thc^  assistiince 
of  the  designer,  thii  drawings  of  the  x)iece  to  be  made*.  It  is  very 
true,  howev(»r,  tluit  there  are  many  gocxl  pattern  makers  who  do  not 
possess  all  of  th(»se  qualifications. 

The  last-mentioned  (qualification  is  one  of  the  most  important. 
The  drawings  furnished  the  pjitteni  maker  are  usually  on  a 
small  scale. 

In  order  to  work  to  the  lx»st  advantage,  he  must  reproduce  a 
part  or  all  of  them  at  full  size,  as  working  drawings.     To  do  this  in 
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such  a  way  that  the  lines  and  curves  of  the  finished  pattern  shall 
be  graceful  and  artistic  in  appearance,  will  require  the  same  nicety 
and  precision  of  workmanship  that  are  demanded  in  the  drafting 
room,  and  it  is  essential  that  the  pattern  maker  have  the  same 
complete  knowledge  of  the  principles  involved.  To  the  extent, 
then,  of  being  able,  when  necessary,  to  make  a  full-sized  drawing 
of  the  article  to  be  made,  the  pattern  maker  must  be  a  draftsman. 

In  large  establishments,  where  all  the  work  comes  to  the 
pattern  shop  in  the  form  of  carefully  executed  drawings,  the 
pattern  maker  is  the  means  of  putting  the  ideas  of  others  into 
tangible  shape.  In  smaller  places,  where  no  draftsman  is  employed, 
the  pattern  maker  will  be  called  Tijxyu  to  work  out  the  designs  for 
which  he  is  to  make  his  patterns,  and  he  thus  becomes  the  real 
designer. 

Finally,  the .  pattern  maker  is  seldom  required  to  make  two 
patterns  that  are  identically  the  same.  His  work,  therefore,  is 
varied,  and  he  must  be  prepared  to  apply  to  the  solution  of  new 
problems  that  arise  such  principles  as  he  may  already  have  learned. 

Materials  for  Patterns.  As  patterns  are  subjected  to  more 
or  less  rough  usage,  and  are  alternately  wet  and  dry,  it  follows  that 
the  ideal  material  is  one  whose  hardness  is  such  that  it  will  with- 
stand the  wear  and  tear  of  handling  and  at  the  same  time  be 
iniiK^rvious  to  the  effects  of  moisture.  Such  material  is  to  be 
found  in  the  nietuls,  but,  as  the  cost  of  working  these  into  the 
proiKT  shaix>  is  considerable*,  some  kind  of  wood  is  usually  substi- 
tute h1. 

Kind  of  Wood  Used.  If,  then,  wood  is  to  be  used,  another 
(|ualilication  is  to  be  added — namely,  it  should  be  easily  worked. 
The  Ix^st  wood  for  the  purix)se  is  undoubttnlly  white  pine.  Care 
should  Iw  ext^rcised  in  the  inspi^ction  of  the  wood,  to  see  that  it  is 
clear,  straight-grained,  and  free  from  knots. 

The  straightness  of  the  grain  can  be  determined  by  the 
npiKMirance  of  the  sawn  face.  This  should  present  an  even  rough- 
ness o\0T  the  whoU>  surface.  The  wood  should  be  seasoned  in  the 
o^Kui  air,  but  pn^fi^ably  sheltennl  by  a  roof,  and  should  be  piled  so 
thai  the  air  will  havi^  frei*  access  to  all  i)arts  of  the  plank.  In  the 
natural  pnuM^ss  of  air  dryinijc,  the  moisture  slowly  works  out  to  the 
surface  and  t^vaiK>rates  until  the  wixxl  is  dry  or  ''seasoned."    Such 
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stock  is  firmer,  stronger,  more  clastic,  and  less  affected  by  heat  and 
cold  and  by  moisture  and  dryness,  than  kiln-dried  lumlx^r.  In 
kiln  drying,  the  outside  surfaces  and  ends  of  the  boards  are  dried 
more  rapidly  than  the  inside,  producing  strains  that  cause  the 
wood  to  bend  and  warp  while  the  pattern  is  in  the  process  of  con- 
struction. For  this  reason  it  is  better  to  "build  up"  the  larger 
pieces  of  a  pattern  by  gluing  together  three  or  more  {never  two) 
pieces  of  thinner  stock.  When  the  patterns  are  of  moderate  size 
the  stock  to  be  glued  may  vary  from  |  inch  to  1  inch  or  even  1\ 
inches  in  thickness,  in  proportion  to  the  size  required.  Stock  of  2 
inches  thickness  or  over  can  seldom  be  found  sufficiently  seasoned; 
and,  if  forced  by  kiln-drying,  it  will  be  checked  and  strained  to  an 
extent  that  will  render  it  useless  for  pattern  work. 

While  pine  is  in  gen(iral  the  ideal  wood  for  pattern  work,  it  is 
soft  and  weak,  so  that,  if  small  and  strong  patterns  are  desired,  a 
harder  wood  is  usually  employed.  Mahogany  is  much  used  for 
this  purpose.  Like  pine,  it  is  not  liable  to  warp,  and,  when  straight- 
grained,  it  is  worked  with  comjTarative  ease  Thi»re  are  many 
varieties  of  this  beautiful  wood,  varying  greatly  in  firmness  of 
texture.  The  soft  bay  wood,  often  sold  as  genuine  mahogany, 
should  be  avoided  for  j^attenis,  b(»ing  but  little  harder  than  pine. 
Cherry  is  also  extensively  used,  but  is  not  so  easily  worked  to  a 
smooth  surface  as  mahogany,  and  is  more  liable  than  the  hitter  to 
warp  and  to  be  affected  by  moisture.  Black  walnut,  beech,  and 
maple  are  uscmI  to  some  extent.  Black  wabiut  is  stronger  than 
cherry,  but,  like  b(^ech  and  mai^h^  is  liki^ly  to  warp. 

It  may  be  st^it^ni  then,  that,  in  the  T^nitt^l  Stat(»s,  white  pine 
is  the  material  commonly  employed  for  j^)iittiTn  making.  LnnibiT 
1  inch,  1\  inch(»s,  and  1|  inches  thick  will  be  foiuid  c(mvenient  in 
the  construction  of  such  patterns  as  are  most  commonly  called  for. 
It  will  be  a  great  saving  of  time  and  labor,  after  the  hnnluT  has 
been  carefully  selectcnl,  to  have  it  taki^n  to  the  planing  mill  and 
dressed  on  two  sides  to  the  following  thioknessc*s: 

One- inch,  dressed  on  two  sides  to  ;^  inch; 

One  and  one-quarter-inch,  drosst'd  on  two  sides  to     l^g  inch; 

One  and  one-half-inch,  dress<'d  on  two  sides  to  I'^g  inch; 

and,  if  such  can  be  found  well  seasoned,  a  small  quantity  of  t wo- in<rh,  dressed 
to  1;^4  inches. 
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In  addition  to  these  sizes  there  should  be  a  moderate  amount  of 
l-iuch  resawed  and  dressed  to  f  inch  or  to  -re  iiif  h ;  and  the  same 
amount  of  IJ-inch  resawed  and  dressed  to  ^  inch.  The  two  last 
thicknesses  are  used  for  gluing  and  building  up  the  rims  of  pulleys, 
gear  wheels,  and  other  light  work  where  strength  and  durabOity 
are  required. 

Warping  and  Twisting  of  Wood.  Observation  shows  that 
if  one  side  of  a  board  is  kept  damp  and  the  other  dried,  the  former 
will  expand  so  that  the  plank,  although  originjvlly  straight,  becomes 
cur\ed  as  in  Fig.  1.  Or  if  one  side  of  a  board  is  exposed  to  the  air, 
while  the  other  is  more  or  less  protected,  as  in  the  stack  of  boards 
shown  in  Fig.  2,  the  exposed  side  of  the  upper  board  will  give  oflF 
its  moisture  more  rapidly  than  the  other  side,  and  the  board  will 
warp  or  bend  in  the  direction  shown  by  the  dotted  lines.  The 
second  board  will  also  "draw"  and  to  some  extent  follow  the  first, 
being  in  turn  followed  by  the  third,  and  bo  ou  until  the  entire  stack 
is  Warped  and  bent. 


Fig.  a 

The  same  will  be  found  true  of  a  well-seasoned  board  if  after 
being  planed  it  is  allowed  to  lie  on  its  side  on  the  work-bench. 
The  upper  side  will  give  off  its  moisture  more  freely  than  is 
possible  for  the  under  side;  the  latter  being  protected  and  having 
its  moistnro  retniiietl  by  the  Ix'nch.  Tlie  lower  side  of  the  board  is 
thus  caused  to  esiMind,  and  tlie  npiwr  to  eontrnet.  with  the  result 
that  the  bojinl,  althongh  originally  phinetl  straight,  becomes  curved. 
For  this  rtflsou  all  lumber,  even  if  well -seasoned,  should  be  so 
plaeeil  in  racks,  or  on  eiid,  that  the  air  may  have  free  access  to 
both  sides  of  the  planks;  and  newly  planed  bojinls,  however  drj- 
and  well  seasom-tl,  Khoidd  never  Ix-  stackinl  together,  but  so  placed 
that  both  sides  will  h-  exjitisiHl  alike. 

This  tendency  to  warp  is  explaint^l  to  souu'  extent  by  the 
portms  initnn'  of  all  woods,  and  their  iiielination  to  give  off  or  to 
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absorb  moisture  according  to  the  condition  of  the  sarronuding 
atniosphero.  As  there  is  always  more  or  less  moisture  in  the  air, 
and  lumber  of  all  kinds  contains  an  amount  of  moisture  which 
is  ever  changing  according  to  the  conditions  of  the  surrounding 
atmosphere;  this  causes  corresponding  expansion  or  contraction 
of  the  wood. 

Even  tmiler  cover  and  in  a  dry  place,  wood  has  a  tendency 
to  warp  on  account  of  the  greater  shrinkage  of  the  newer  as 
comijared  with  the  older  cells  of  the  wood  tissue  or  fiber  in  the  side 
of  the  board  nearest  to  the  outside  or  sap  wood  of  the  tree.  The 
inner  side  A  of  the  board  (Fig.  3)  being  closer  to  the  heart  wood, 
is  older  than  the  side  B;  its  cells  are  firmer  and  more  compact  than 
those  CI  B.  As  the  board  seasons,  the  newer  and  more  open  cells 
of  the  side  B  will  shrink  faster  and  to  a  greater  extent  than  those 
or  A,  thus  ciiusing  the  board  to  dniw  or  warp  in  the  direction 
indicated  by  the  dotted  lines. 


w}}>//mJ^Nv^N.i;;"v.^ 


Fig.t 

In  gluing  or  building  up  stock  for  a  iwtteni,  this  tendency 
may  be  correctttl  to  some  esteiit,  by  reversing  the  grain  of  the 
piecf-s  that  are  to  bo  gluKl,  and  placing  two  oulsides  (as  B,  Fig,  3) 
or  two  iufiidfs  {as  A,  Fig.  3)  ti^ether  This  is  fnlly  illastratcd 
in  Fig.  4. 

In  gluing  vrry  thin  i»ittvs  t<^-th(T  for  the  wtlw  or  centers  of 
pulli'vif  and  for  otln-r  purixjses,  it  is  often  neci^sary  to  ruverw;  the 
grain  of  the  pii-ct-s,  or  to  pla<-<;  the  grain  of  one  piffe  at  right 
anijien  in  thiU  of  thv  ollitr,  for  tile  purxx>wt  of  gaining  gn-atcr 
stn-ngth  and  stitfuess.  In  sncli  casi-s,  ii  only  two  thin  piis-i-s  an- 
nstil,  tin-  D-snlt,  aft.T  th.y  hav--  bi-iii  ghml  and  dri.-d,  will  !»■  to 
w>nie  <'Xli-nt  us  shown  in  Fi^^.  o,  tin-  shriiikag<-  ami  strain  of  lli.- 
tud  grain  cnwswiw  of  thi-  lifwinl  at  </,  bt-irig  Knffi<-i>nt  to  !»  nd 
the  op^Ktsing  thin  IxKinl  h-ngthwis*-  of  the  grain  at  h,  while  on  the 
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side  cd-y  the  carve  will  bo  leversed  for  the  same  reason.  Whenever 
it  is  necessary  to  cross  the  grain,  of  thin  pieces  for  a  pattern, 
three  or  more  pieces  should  he  used,  which  will  give  satisfactory 
results   if  plac^>(l   together  as  shown   in  Fig.   6. 


Fig.  6. 

When  thin  circular  disks  of 
large  size  are  to  be  glued  up  for 
patterns  of  any  kind,  the  strongest, 
stiffest,  and  most  satisfactory  re- 
sidts  will  be  obtained  if  the  pieces 
are  fitted  and  glued  taiigentially 

tot  ho  liuborothercenttToroix'iiiug  in  the  disk,  as  shown  in  Fig,  7. 

The  gniin  of  the  wood  must  nm  lengthwise,  and  parallel  to  the 

longest  side  of  oaeh  stvtor;  and,  after  the  pieces  have  been  fitted 

tc^'ther,  II  thin  grixivo  is  cut  in  the  edge  of  each,  in  which  thin 

tongues  of  w  o  o  d  «  r  e 

insert  til   and   gUnxl     is 

illustnilixl    in     f-ii;     ■^ 

Two  disks  fin-  iiluf^l  up 

and  one  is  tnriu'*!  o\ir 

seas tori'versolhi  kjrmi 

of    the    sivlors   of    on. 

diskonlhiitoflh.  otiur 

as  shown  l\v  the  d>t1.\l 

lint^.  The  disks  :m- 1  hen 

>;Un>l  tejU'iher,  nuikiit^ 

a   very    riiii.l    >Mustni.-. 

lieu.;m,to..e«hi,h.e«ii.^t..ih,- 

of  ll.e^iM...,  wiU  »,>!  «nriv 

Sl,o»M,-,  «  1,1.-, ui.l  thin  ^,l,^^ 

fer  ;t  iviu-rn,  ihc  U\n\l  fi\.m  xv 

ripjHAl  nil.->v.n«'>f  1«,\  tlmv. , 

l.>  th,-  wi,!;l;  of  ilie  T>>jv.!rt\!  Kv, 


k    -^  K*  re(|uinxl 

Ix   u  mI  •  should  be 

wkl  h  ^according 

r  i*.  U  wd  together 
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again  with  each  alternate  strip  reversed,  as  shown  in  Fig.  9.     In 

this  way  the   tendency  to  warp  is  to  a 
^^^^^'^^^  C^g=^^^  .^fc^  great  extent  corrected,  each  narrow  strip 
Fig.  9.  being    inclined    to   warp  in  an  oj^posite 

direction  to  that  of  its  neighbor. 

TOOLS. 

While  many  of  the  tools  used  by  the  pattern  maker  are  identi- 
cal with  those  used  by  the  carpenter  and  cabinet  maker,  yet  the 
conditions  that  govern  the  construction  of  patterns  for  the  mold- 
ing of  metals,  together  with  the  required  accuracy  in  dimensions 
and  the  methods  of  construction  used  to  guard  against  warping, 
distortion,  and  breaking,  have  very  little  in  common  with  the 
workmanship  and  methods  of  the  carpenter,  the  wood  turner  or 
the  c^ibinet  maker. 

Following  is  a  descriptive  list  of  the  more  essential  tools  used  in 
X)attem  making,  accompanied  with  instructions  in  their  use. 

HAND  SAWS. 

Rip  Saw  and  Crosscut  Saw.  Hand  saws  are  of  two  kinds- 
rip  and  crosscut.  The  former,  as  the  name  indicates,  is  for 
cutting  with  the  grain,  or  lengthwise  of  the  board  to  be  sawed.    In 

Fig.   10  is  illustrated  a  rip   saw ^ 

having   5i    points    to    the    inch,     ^^"^     ^     ^~^    ^ — ^— C^ — ^ 

which  will  work  rapidly  and  with 

ease  in  pine  and  other  soft  woods. 

If  mahogany,  cherry,  or  other  hard 

wood  is  to  be  rii)ix^l,  a  six-xx)int  t- 

saw    should   be   used.     Rip   saws     ^i.    is.    i^.    rs^iK^r^  'k^  rv^  h 

should  be  filed  witli  all  i\w,  bevel     p^N^Jy^^^^ 

on  the  back  of  the  tooth,  as  shown 

at    h    in  •  Fig.    10,    the    front   or 

*'throat''of  the  UxAh  being  at  right 

angles   to,  or  '^square"   with,  the  ^*^'  ^* 

tooth  edge  of  th(^  blade,  Jis  at  a  in  the  same  figures     The  iX)sition 

of  the  line  cd^  whether  jxTix^ndicular  or  slanting,  is  calltKl  the 

*'hook''  or  '^pitch"  of  the  tooth. 
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Rip  saws  should  bo  filed  square  across;  that  is,  the  file  should 
bo  hi4d  hori7X)ntal  and  at  right  angles  to  the  side  of  the  blade,  always 
filing  each  altomato  tooth  from  the  opposite  side  of  the  saw;  this, 
if  done  by  beginning  at  the  heel  and  working  the  file  toward  the 

point  of  the  blade,  will  give 
a  very  slight  bevel  to  the 
back  edge  of  the  tooth, 
causing  it  to  cut  cleaner 
and  with  less  set  than  if 
filed  otherwise. 

Rip  saws  require  very 
little  set  for  use  in  dry, 
well-seasoned  lumber,  such 
as  is  always  used  in  pattern 
making.  The  teeth  should 
be  ''set,"  or  bent,  only  at 
the  points,  as  shown  at  e 
and/' in  Fig.  10;  and  in  no 
case  should  the  sot  exceed 
mor^  than  half  the  depth 
^>11-  of  the  tooth. 

WhiMi  the  |XMuts  only  an^  st  t^  the  s;nv  will  work  more  freely, 
and  the  blado  t>f  tho  s;»w  will  not  Iv^  *'spnuig."  or  bent,  in  setting 
In  using  a  rip  Si\w,  tho  fT\>nt  or  cutting  eiigi^  of  the  saw  blade 
shouKl  Ih^  hold  at  an  angle  of  aK>nt  ^U^^^  to 
the  Uvu>K  as  shown  in  Fig.  11.  This  |; 
brings  tho  Kiok  of  the  tiv^h  noarly  at 
right  angU\s  t\>  tho  tUm^s  of  tho  wvwl,  and 
^nsn^>s  a  slu\nring  o\U.  For  tino  Wv^rk  aiul 
wx^ll  si\is\Mu\l  matoriaK  h,ind  Ss«w^  mav  W 
KM\ght  m>Mnul  so  thin  on  tho  Ku^k  as  to        ^  ■ 

r^\\nirx^   no    sot       S\u  h    txv\s   \x\^rk    wry  Pijr,  j^. 

smx\vthl\  ;uul  <\isU\.  o\tv«r,\*;  a\>c,\  it^s^s  \\\\\:  ;uh!  doing  Kntor  work 
thnn  ?si\x>  \\\:\\  h,i\o  K\  u  >. : 

Tho  o^AvvN.  v.?  vivx    ^\\,r,\   s^^vrs  or  xr,:>i  thotibrosof  the  wood 


4*\V«v^V„\l      ,S^^*.      \\.'VU\5      x^V.l 


:i>   v5;;>i 


K 


\    t:,x     tVn:si    of    iht*  saw. 
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A  crosscut  saw  for  ordinary  work  should  have  five  or  six  points 
to  the  inch ;  but  for  fine  work  ten  or  twelve  points  would  be  better, 
especially  for  dry  woods,  either  soft  or  hard. 

A  section  of  a  6-point  crosscut  saw  is  shown  in  Fig.  13,  and 
one  of  an  13i-point  in  Fig.  14. 

In  considering  rip  saws  we  find  that  the  rake  or  bevel  is  all  on 


Fig.  13. 

the  back  of  the  tooth.  In  crosscut  saws  the  rake  is  on  the  side  of 
the  tooth,  as  shown  at  a  (Fig.  13.)  In  ripping,  the  point  of  the 
tooth  acts  as  a  chisel,  cutting  off  the  fibers  of  the  wood,  each  tooth 
chiseling  off  a  shaving  as  it  passes  through  the  board;  but  in 
crosscutting,  the  side  of  the  tooth 
does  the  cutting,  and  therefore  must 
have  its  bevel  on  the  side. 

In  Fig.  13  the  bevel  or  fleam 
of  the  tooth  is  about  45'',  and,  as 
shown,  there  is  no  hook  or  pitch, 
the  angle  Ix^ng  the  same  on  both  Fig.  14. 

the  front  and  back  of  the  tooth.  This  form  of  tooth  works  well  in 
wet  or  in  very  soft  wood;  but  for  wood  that  is  well  sc^asoned,  and 
for  all  the  harder  and  firmer  woods,  the  x^itch  of  the  front  of  the 


Fig.  15. 

tooth  should  be  at  an  angle  of  about  00°  to  the  tooth  cnlge  of  the 
blade,  as  shown  in  Fig.  15,  and  at  J  in  Fig.  10.  Th(»  amomit  of 
pitch  in  the  teeth  of  a  saw  may  Ix*  varied  as  d(*manded  for  different 
purposes  or  for  different  woods,  but  in  all  cases  should  be  such  as 
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to  loosi'ii  and  carry  out  the  intervening  wood.  Otherwise  this  would 
liave  to  be  rasixid  or  filed  out  by  the  continued  action  of  the  saw. 
The  fleam  of  the  side  of  the  crosscut  saw  tooth  is  very 
imix)rtant.  When  filing,  the  file  should  be  held  horizontally 
and  at  an  angle  of  about  45°  to  the  side  of  the  saw,  lengthwise  of 
the  blade,  as  illustrated  in  Fig.  16;  and  each  alternate  tooth  must 
be  filled  from  the  opposite  side  of  the  blade,  beginning  at  the  heel 
and  filing  toward  the  point  of  the  saw. 

The  objection  is  often  raised  by  saw  filers,  that  in  filing  from 
the  handle  end  of  the  saw  toward  the  point,  a  feather  edge  is  made 
by  the  file  and  turned  backward  on  the  point  of  the  tooth.  The 
first  thrust  of  the  saw  through  the  board,  however,  will  remove  this 
feather  edge  entirely;  whereas,  if  tlie  filing  be  done  from  the  jxyini 

of  the  saw  toward  the 
handle,  it  is  nec<?ssary 
to  file  the  teeth  bent 
toward  the  operator, 
which  causes  the  saw 
to  vibrate,  or  "chatter;" 
and  this  not  only  renders 
good,  even  filing  impos- 
sible, but  breaks  the 
teeth  of  the  file. 
Vov  hand  and  back  saws,  a  saw-set  that  acts  on  the  principle 
of  the  hammer  and  anvil,  such  as  the  one  illustrated  in  Fig.  17, 
is  In^st.  Tlu»  spring  Si»ts,  so  much  in  use,  will  not  give  so  regular 
and  evi»n  a  st^t  to  tlie  toi^th  as  will  one  or  more  light  blows  with  the 
linmnuT  on  the  Ih^vi^UhI  face  of  the  anvil.  By  this  method  the 
ti>otl»  is  not  iHMit  or  sprung  Ix'yond  the  position  in  which  it  is 
inteiuliHl  to  n^main,  and  thi^  bladi^  of  the  s^iw  is  not  bent  or  aflfected 
by  \\\r  stri^kt^  o(  tlie  hammer  on  tlie  jx^nt  of  the  tooth.  A  saw-set 
of  the  kiutl  illustrattnl  in  Fii^.  IT  can  K^  adjusteil  to  set  the  points 
of  tlu^  ttH  th  to  any  tlepth  desinnl:  and,  t^vi*n  if  n»ix*ate<l  light  blows 
iwo  i;i\en,  the  UxAh  cannot  K^  Knt  In  yond  the  nHiuinxl  dist^mce. 
Tlie  blow  mny  Ih^  stnu  k  on  ^r  with  a  lii^ht  mallet;  or  it  may  be 
stnirk  U\^\\\  Mow  with  the  oiH  rator's  fix>t  on  a  tnvidle  conni*cted 
w  ith  f .  K  a\  iui^  K>!li  h.inds  fnn^  to  hold  and  to  guide  the  saw. 


Fijr.  16. 
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In  setting  a  saw,  it  is  always  better  to  use  two  or  three  light 
blows  on  a  tooth  than  to  try  to  do  the  work  with  one  hea\'y  blow; 
and  this  is  especially  the  case  if  the  saw  is  hard,  as  all  good  and 
well -tempered  saws  should  be. 

The  back  saw  illustrated  in  Fig.  18  is  used  as  a  bench  saw  for 
light  or  fine  work,  and  for  fitting  and  dovetailing.  Saws  of  this 
type  are  made  from  8  to  11  inches  in  length,  the  10-  and  12-inch 
being  convenient  sizes  for  general 
work.  As  the  metal  back  holds  and 
stiffens  the  saw,  a  thin  blade  shonld 
always  bo  selected;  and  tho  methods 
of  filing,  jointing  and  Betting  arc  the 


Fig.  17.  FJK.  19. 

same  as  aln-ady  described  for  hand  saws.  At  least  two  back  saws 
will  bo  found  necessary-,  one  fili-d  for  crosscutting,  and  the  othiT 
filed  as  a  rip  kiw  for  cutting  vith  the  grain  of  the  woofl,  as  in 
tho  cutting  of  ti'nons  and  dovctjiils. 

EXERCISE. 
While  for  tliost!  who  have  had  c'K|xrieiiC(r  in  car£j«-ntry  t)ie 
following  exercise!  in  the  use  of  the  back  siiw  may  not  be  necessary, 
it  is  recommended  to  all  l>egiiiners  who  wish  to  iicrpiirc  skill  in  tht; 
use  of  this  imix>rtant  tool. 
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Take  any  block  of  wood  from  12  inches  to  16  inches  long,  about  2  inches 
wide,  and  about  1, ^4  inches  in  thickness.  With  try-square  and  a  sharp-pointed 
pocketknife,  lay  it  out  as  illustrated  in  Fig.  19,  on  the  upper,  front,  and  back 
sides  of  the  block.  The  knife-cuts  must  be  at  least  ^  inch  deep,  and  about 
%  inch  distant  from  each  other.  Next  proceed  to  saw  up  the  block  into  thin 
sections,  sawing  each  time  so  that  the  saw  kerf  will  be  just  outside  of,  but 
close  to  the  knife  line,  as  indicated  at  a. 

The  saw-cut  through  the  block  should  be  true  to  each  of  the  three  lines; 
and  while  the  saw  passes  along  one  side  of  the  line,  its  teeth  should  not 
scratch  the  opposite  side  of  the  knife-cut,  but  should  leave  a  smooth,  clean 
angle  of  the  knife-cut  on  the  block,  as  shown  at  h  in  Fig.  19,  while  at  the  same 
time  it  should  be  so  close  to  the  line  as  to  leave  no  wood  to  be  smoothed  off 
with  plane  or  chisel. 


A^Ar^^^A^A.^^.\K^^^N^^.^^A 


Fig.  20. 

A  few  hours'  thorough  and  careful  practice  of  this  exercise 
will  enable  any  one  to  usve  the  Siiw  successfully. 

Compass  Saw«  As  the  work  of  the  compass  s^w,  illustrated  in 
Fig.  20,  will  W  both  inth  and  across  the  gram  of  the  wood,  the 
best  form  of  tooth  will  Iv  that  shown  in  Fig.  21,  having  more  pitch, 
and   slii::htlv   less  Iwil,  than  the  crosscut  saw.    A  crosscut  saw 

will  rip  Ix^tter  than  a  rip  saw  will  cross- 
cut; heniv  the  shaj^e  of  tooth  should 
Ih»  Ivtwivn  the  two.     Compass  saws 
-   a n^  irriMind  verv*  thin  on  the  back  of  the 
'^'*  "^*  Made,  but  in  onler  to  turn  easily  they 

should  W  set  the  s^une  as  ham!  s;\ws.  And  hen^  we  wish  to  impress 
on  the  Wginner  the  uihh  ssity  of  kin^ping  his  s^iw  and  indeed  all 
other  cutting  tix^ls  ^xTfivtly  sharp  atul  in  gixxl  working  condition 
at  all  times.  A  sharp  saw  will  work  faster,  and  will  always  do 
suux^ther  and  U^ttiT  work  with  less  set  atul  with  U^ss  expiniditure 
of  jx^wer,  than  a  dull  i>tu\  Kveu  to  sj\w  w^»ll  is  an  art,  which 
i^annot  Ix^  gjunixl  tht\uiv;h  the  uso  of  \lulK  iuijxTfix^tly  set,  and 
ixx>rly  kept  tix^ls.  To  tUe  well  w  dl  nsjuirx^  frv^in  the  Ix^inner  close 
attention,  a  st\ulY  of  the  subjivt,  au\l  o<»*^^ful  pnietiw,  all  of  which 
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oin  be  given  by  any  one  possessing  ordinary  mochaiiical  ability. 
If  the  filing  is  done  slowly  at  first,  care  being  taken  to  hold  tbe 
file  at  the  same  angle  for  all  the  teeth,  a  littlo  faithful  practice  will 
always  bring  snccess. 

PLANES. 

The    Iron    Plane.    Tbe    modem    iron    plane,  illnstri'.ted    in 

Fig.  22,  can  now  be  bought 

in  a  great   variety  of  sizes 

and  styles.     These    planes, 

with  their  true  and  uncbaiig- 

ing  faces,  and  their  simple 

appliances  forsettingandad- 

justing  the  cutter  (or  plane-  ^'K*  ^ 

iron)  to  the  faceof  the  plane  and  to  the  required  thickness  of  shsv- 

ii^,  are  greatly  to  be  preferred  to  the  old-style  wooden  planes. 

The  general  construction  of  the  iron  plane  wi^l  be  readily 

understood  from  Fig.  23, 

one  side  of  the  plane 

being  removed  to  show 

the  arrangement  of  the 

ptirts;  a  is  the  cutter, 

,  or  plane-iron,  which   is 

\madu  of  the  best  cast 

I  sttH.1  and  of  equal  thick- 

'  ness  throughout.    In  all 

Fig  2a  now  planes  this  part  will 

U-  foniiil  ground  and  sharjji'iiwl  for  luinitHliate  use. 

The    cap-mwi  /  (Fig    2^)   is   fastoni-d    to    the    planf-iroii. 


^ 


^Z)0 


by  an  adjusting  screw,  as  shown  ia  Fig.  24.     For  whetting  or 
grinding  the  cutting  edge,  it  is  not  necessary  to  remove  the  cap-iro:;. 
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but  only  to  loosen  the  connecting  screw  and  to  slide  the  cap 
l>ack  to  the  extreme  end  of  tht»  slot  in. the  plane-iron,  tightening  it 
there  by  a  turn  of  the  screw.  The  cap-iron  will  then  ser\'e  as  a 
convenitnit  handle  or  rest  in  whetting  or  in  grinding. 

The  iron  Iowt  c  (Fig.  23)  is  held  in  place  below  its  center  by 
the  scn»w  ^,  which  acts  as  a  fulcrum,  and  the  lever  is  readily 
clamptxi  down  ui.x)n  the  irons  by  the  use  of  the  cam-piece  d. 
When  this  cam  is  tunuxl  upward  it  ceases  to  bt^ar  upon  the  irons. 
The  lever  c*  may  then  be  removixJ  from  its  place,  and  the  irons 
rt^easixl,  without  turning  or  changing  the  adjustment  of  the  screw 
y,  as  the  li*ver  and  irons  arv*  propt^rly  slotteil  for  this  purposes*. 

Should  the  pn^ssun^  nHiuinnl  for  the  best  working  of  the  plane- 
iron  niHHl  changing,  it  can  easily  be  obtained  by  tightening  or 
loostuiing  the  scn^w  </. 

Whim  the  plane-iron  is  securer!  in  its  place,  the  use  of  the 
brass  thumWon^w  ^  will  dratr  or  <fr!re  the  plane-iron ;  and  thus 
the  thickness  of  the  shaving  to  Ix*  takiui  from  the  work  can  be 
n^ulattxl  with  j^K^fivt  aivuracy.  By  the  use  of  the  lever  ej  located 
under  the  plane-iR^n,  and  working  sidewise,  the  cutting  wlge  can 
i^isily  Iv  bn^ught  into  ix>sition  exactly  parallel  with  the  face  of  the 
phuu\  should  any  variation  exist  when  the  iron  is  clamped  down. 
To  aswrtain  this,  hold  the  plane  up.  and  look  down  over  its  face; 
the  gn\Uer  pn^j\vtion,  if  then*  Iv  any,  of  one  or  the  other  of 
the  txuners  of  the  iron,  can  nnidilv  bt^  Sivn. 

The  cai>-inMi/,  which  is  not  shaqx  is  nr,(^  as  is  often  supposed, 
us<h1  for  tht*  p\iriK>s»^  of  stnnii::t honing  or  stitToning  the  cutting 
iriMU  but  as  a  ohip-bn\ik  to  pnvt-nt  the  cutting  tnlgi^  of  the 
phiue-irvMi  frvnn  chipping,  tearing,  and  brv'aking  the  grain  of  the 
Wixxl  K^Kav  tlie  surfiKv  wheii  the  irrain  turns  and  twists,  or  when 
it  is  kuv^ttv  anil  crv\^kt\l.  In  such  oas<^  the  tendency  of  the 
phuie-irvMi  is  to  si>Ut  and  tear  out  the  nbr\*s  of  the  wooii  in  front 
of  the  outtiui:  txlo*.  To  avoid  this,  the  o;ii>-irv>n  is  son^weil  ou  with 
its  dull  ixlgi'  quite  oU>s<^  to  the  cutting  t\li^^  so  as  to  btW  and 
brwik  oiT  tV.e  tibr^s  or  the  shavings  K^forv^  the  s^Jit  gets  fairly 
starti\l  Ivlvnv  the  sv.rt:-v\-. 

The  v*i::!':ii:  tv.i^'  ot  the  i\;-.:ie-irv^n  is  sciid  to  have  lea^i  in 
prv^\v^rtiv^:i  tv^  t-.o  vl;stai;v>'  i:  is  ^>\u\\l  in  ;-.dv;\nvv  of  the  dull  txlg^* 
o'  the  vMi^irvHi      Tho  dt  ^  th  of  tiu-  sj^Iits.  or  the  roo^^hnes^s  of  the 
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cross-graim^  surface,  will  be  just  (Hpial  to  the  lead  of  the  cutting 
edge.  For  soft,  straight-graiiuHi  wood,  the  k^ad  may  ho.  -gV  inch 
or  even  more,  but  this  must  be  rc^luced  in  proportion  as  the  wood 
is  curly,  cross-grained,  or  knotty. 

The  grinding,  or  the  whetting,  must  always  be  done  on  the 
hei*el  side  only  of  the  plane-iron,  the  upper  side  being  ki»pt  as  flat 
and  as  smooth  as  possible  to  secure  easy  working. 

All  plane-irons  should  be  ground  slightly  rounding  to  the 
extent  of  the  thickness  of  a  thin  shaving.  This  rounding  of  the 
cutting  edge  should  be  the  true  arc  of  a  circle  throughout  thiu»ntin» 
length  of  the  cutting  edge,  and  not  simply  a  romiding-oflf  of  the 
comers  as  is  sometimes  directini.  Komiding  the  edgt^  to  the  c^xtcnit 
of  the  thickness  of  a  shaving  will  prevent  the  plane-iron  from 
grooving  into,  or  plowing  out  a  wide  groove  in,  the  surface  that 
is  being  worked,  and  will  also  assist  greatly  in  working  the  edgi^s 
of  th^  piece  to  right  angles,  or  square  with  the  face  side.  To  do 
this  it  is  not  necessary,  should  one  comer  of  the  edge  be  higher 
than  the  other,  to  tilt  the  plane  on  the  high  edg(%  but,  while  hold- 
ing it  flat  and  firai  on  the  surface  of  the  edgc^  being  planed,  push 
the  plane  sidewisc^  towanls  the  highest  corner  in  order  to  reduce 
that  comer.  This  will  readily  be  understood  when  we  remember 
that  the  cuttf  ng  edge  of  the  iron  is  rounding.  If  the  plane  is  h(4d 
so  that  the  middle  of  the  plane-iron  will  do  the  cutting,  the  shav- 
ing planed  will  be  of  the  same  thickness  on  both  cnlges;  but  if  the 
lAixm*  is  pusIkkI  ov(^r  to  one  side,  either  to  the  right  or  to  thii  left, 
th(»  shaving  will  be  f(\atlier-e<lged,  or  thick  on  ont»  (Mlge  and  thin 
on  tht*  other,  thus  HMlueing  the  higher  corner  of  the  (nlgc*  of  t]w  x)iece. 

Wh(»n  tlu*  i)\imi)  is  to  be  us(hI,  the  bc^ginner  should  first  can»- 
fully  adjust  it  to  the  thickness  of  shaving  n^juin^d,  by  holding  it 
up  and  looking  down  over  tlu^  face  of  the  plant*,  whc^n  the  projec- 
tion of  the  plane-iron  can  readily  be  se(»n,  and  tlu»n  by  t(*sting  on 
the  pi(?ce  to  be  jJaned. 

The  oix>rator's  position  should  be  one  of  ix?rfect  ease,  standing 
well  back  of  the  piece  to  Ix^  iJaned,  and  jmshing  the  i^lane  to  arm's 
length  from  {not  alongside,  of)  the  oixTator,  taking  long  and 
continued  shavings  from  the  boanl.  Wlien  starting  th(»  shaving  at 
the  end  of  the  board,  can^  should  b(»  taken  to  hold  the  forward  end 
of  the  plane  down  firmly,  or  the*  act  of  i^ushing  it  fon\'ard  will 
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cause  that  end  to  tilt  up  and  the  plaiie-irou  to  chatter  on  the 
surface  SB  it  begins  to  cut  the  shaving.  This  is  owing  to  the  fact 
that  nearly  two-thirds  of  the  plane  overhangs  the  end  of  the  board, 
requiring  firm  pressure  on  the  fofward  end  to  balance  it  while  the 
stroke  is  being^  started. 

To  insure  smooth  work,  care  must  be  taken  to  plane  imth  the 
grain  of  the  wood,  and  not  against  the  ends  of  tlie  fibres  as  they 
lie  in  the  surface  of  the  boanl.  Should  the  fibres  tear  out  and  the 
8\irface  become  roi^h,  reverse 
the  t'jitls  of  the  boards  so  as 
to  cut  the  shaving  in  tlie 
opposite  direction,  and  note 
the  differfuce  in  the  effect  on 
the  planed  surface. 

Of  irou  planes,  the  most 
important  is  the  No.  5  Jack 
plane,  14  inches  long,  and  liav-  ^'K-  ^ 

ing  a  cutter  2  inches  in  width.  This  plane  is  illustrated  in  Fig.  25. 
When  the  pattern  lumber  has  first  been  roughly  planed  in  a 
planing  mill,  this  No.  5  plane  almost  exclusively  can  be  used  for 
planing  and  pattern  making.  In  making  or  in  "truing  up"  very 
laa^e  surfaces,  however,  or  in  making  long  glue  joints,  the  No,  7 
Jointer  plane,  22  inches  long  and 
having  a  cutter  2|  inches  wide,  will 
be  found  necessary.  This  plane  is 
shown  in  Fig.  22,  and  differs  from 
the  jack  plane  only  in  its  length 
and  in  its  estra  width  of  face. 
Fip.  26.  For  aialiogany  or  other  hard 

wood,  the  No.  4  smooth  plane,  illustrated  in  Fig.  2fi,  will  be  fomid 
very  ust'ful.  This  plane  is  mad'.;  in  several  sizes.  Tlie  No.  4, 
■wliich  is  9  inclies  long  and  has  a  2-inch  cutter,  is  the  best  size  for 
general  use. 

Next  in  iinportunco  to  the  three  planes  already  mentioned, 
is  the  block  plane,  illustrated  in  Fig.  27.  The  No.  19,  which  is 
7  inches  long  and  has  a  cutter  1|  inclies  wide,  is  the  most  desirable 
for  tlie  ixittim  maker's  use.  It  has  an  adjustable  throat,  as  well  as 
the  screw  and  Literal  lever  adjustments  of  the  other  planes.    This 
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plane  has  the  ailvantage  of  being  so  constnictcKl  as  to  be  held 
easily  in  one  hand.     Owing  to  the  low  angle  at  which  the  cutter 

is  placed  it  works  more  smoothly 
and  easily  on  end  wood  and  on 
miters  than  any  other  plane. 
In  cases  where  lumber  must 
be  dressed  from  the  rough, 
without  being  first  roughly 
dressed  in  a  planing  mill,  the 
^^-  ^'  No.  40  scrub  plane,  illustrated 

in  Fig.  28,  will  be  almost  indispensable.  It  is  9J  inches  long,  and 
has  a  cutter  1 J  inches  wide.  The  cutter  is  a  single  iron,  and  is 
ground  and  sharpened  very  rounding  on  the  cutting  edge,  as  shown 
in  Fig.  28,  to  allow  of  cutting  r- 
a  very  thick  shaving  without 
grooving  at  the  edges.  This 
plane  works  rapidly  and  easily, 
preparing  the  ^.gh-sawn  s  J- 
faces  of  planks  for  the  finish- 
ing planes.  Fig.  28. 

For  truing  and  smoothing  circular  arcs  and  curves  of  all  kinds, 
either  convex  or  concave,  there  is  no  tool  that  equals  the  circular 
plane,  illustrated  in  Fig.  29.    This  plane  has  a  flexible  steel  face 


Fig.  29.  '--^J....--^  Fig.  .m 

which  can  easily  be  shapixl  to  any  required  arc  or  curve  by  turning 
tlu»  knob  on  the  front  of  the  i)lane. 

The  Rabbet  Plane.  Among  the  six^cial  planes  used  by  the 
ixittem  maker,  the  rabbet  plane,  illustrated  in  Fig.  30,  is  the  most 
iniix)rtant.  The  face  of  this  plane  is  always  flat  and  at  riglit  angles 
to  the  sides.     It  is  used  in  working  out  square  angles  and  comers, 
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or  laps  as  they  are  called  in  carpentry,  and  also  for  working 
lap  joints,  as  shown  in  Fig.  31. 


Fig.  31. 

The  skew-iron  rabbet  plane,  in  which  the  cutting  edge  of  the 
plane-iron  is  set  diagonally  across  the  face  of  the  plane,  works 
much  more  smoothly  and  easily  than  one  in  which  the  iron  is  set 
at  right  angles  to  the  side  of  the  plane.    The  improved  rabbet 


Fig.  32. 

planer  shown  in  Fig.  32  is  fitted  with  depth  gauge,  and  also  with  a  spur 
cutti^r,  both  of  which  are  often  of  great  convenience  to  the  workman. 
Rablx^t  planes  are  made  in  sizes  ranging  from  \  inch  to  1^ 
inchofl  in  width.  The  l-inch  and  IJ-inch  are  convenient  sizes  for 
f;oneral  work. 


^'»>j:.  '^'^  Fig.  34. 

Rtnind  and  Hollow  Planes.  Thesi*  pianos  arc  illustrated  in' 
V\^.  WW  i\\\k\  ;U.  Thi\v  an^  made  of  ditferent  curvatures,  and  a  set 
of  iiMsortiHl  si/vs,  i>siHvially  the  roumU.wre  almost  indispcuisable 
to  thi^  ^Mttoni  makor  for  finishing  semicircular  core  boxes,  for 
tnaKmK  tUlots.  ami  for  workiuix  out  cur\'es  of  every  description, 
l»oth  ronoaxo  and  oonvox. 
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The  Core-Box  Plane.  The  core-box  plane,  shown  in  Fig.  li^K 
while  not  indispensable,  will  be  found  to  be  a  ven*  rapid  working 
and  useful  tool  for  making  semicircular  core  boxes  up  to  2 J  inches 
iir  diameter.  By  using  the 
extension  sides,  one  of 
which  is  shown  in  the  illus- 
tration, and  two  pairs  of 
which  are  always  furoishedi 
this  tool  will  work  accu- 
rately a  concave  semicircle 
up  to  10  inches  in  diameter. 

The  core-box  plane  is 
constructed  uix>n  the  prin- 
ciple  that  if  the  sides  of  a 
right  angle  lie  upon  the 
extremities  of  a  diameter  of  ^  Fie,:rj,        ^ 

a  circle,  the  vertex  of  the  right  angle  will  lie  upofi  the  cirrrum- 
ference  of  the  circle.  This  is  illustniUfl  in  Fig.  3^5.  from  which  it 
will  be  seen  that  if  the  block  of  wood  has  \j^i*fU  work<r<l  to  a  \pfA^^ 
semicircle,  and  the  edges  of  the  bla^i*^  of  a  tr>'-«^|uare  or  right- 
angled  triangle  touch   th^  sf-micirrmlar  r-ranv  at  its  ♦-rtn-miti#-5. 


tht-  right  angl^-  or  ff jth'-t  w;;]!  ro':  •♦.  th'.-  arc  h\  v,'IJj-  ]m/.:a.  .i* '/.  *  'jt 
h^  the  anirW  a^**-.  fhf\  ari'l  <//"'  hW  ^.^'iiiii  riirLt  hi^z^-^- 

To  this  kiinl  of  jacIj*.-  tL*r  'A^y-frA'-jiA  1=  oh*  ;j  ujad*-  ti^-'at  it 
abra^l*^  aij*!  w<^r*  o5  tL*.-  f-^.-rri-r*?  of  t:>-  ^  ::.>':r^]»-  <i?^  it  i-  U-i.'vg 
worked  out.  TLI^.  Lo-H-^r.-r.  ':-<j:j  V-  j.T^i/'t >--•_■;.-  hy/A'^l  if  the 
followin^r  instroctioii*  ar-  fojjow.-^: 
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Carefully  lay  out  the  block  from  irhich  the  core  bos  is  to  be  worked,  Immh 
a  center  lineun  the  face  of  the  block,  descnbing  on  each  eod  of  the  block 
a  semicircle  of  tlie  required  radius;  connect  the  extremes  of  the  two  end  arcs 
by  straight  lines  on  the  face  of  the  block,  as  shown  in  Fig.  37.  Two  vety  thin 
stripe  of  hard  wood  are  tacked  along  these  lines,  just  outside  of  the  wood  to  be 
cut  away,asshownat  a  and  at  binFig.38.  These  stripe  form  rests  for  the  sides 
of  the  plane  while  the  heavier  part  of  the  irork  i^  being  done.  After  work- 
ing out  the  semicircle  as  far  as  the  strips  will  allow,  as  shown  by  the  dotted 
arc  acb,  the  strijis  are  removed,  when  the  work  can  be  finished  without 
materially  affecting  the  comers  at  a  and  b. 

M'hfn  making  thu  finisbing  cuts  with  this  plane,  care  must  be 
taken  to  adjust  the  cutttr  centrally,  /.  e.,  bo  tbat  it  will  cntetinally 
to  both  right  and  left;  otherwise  the  work  will  not  be  correct.  If, 
however,  the  work  has  been  done  with  care,  the  finishing  may  be 
completed  with  coarse,  and  lastly  with  fine,  sandpaper  held  on  a 
cylindrical  block  of  radius  slightly  less  than  that  of  the  recinired 
core  lx>x. 


The  Router  Plane.  Tliis  t.xil  will  In-  found  very  convenient 
for  smootliiiig  out  sunk  iwmels,  for  letting  in  nipping  and  liftii^ 
plates,  and  for  all  I'epressions  below  the  gi'uend  surface  of  the 
pattern.  It  will  phiue  the  bottoms  of  rx-eessi'S  to  a  uniform  depth 
from  the  snrfaw  of  the  work,  and  will  work  into  angles  and 
comers  that  otlierwise  «ndd  W  reaeheil  only  by  the  use  of  the 
paring  chisel.     It  is  illustnite<i  in  Fig.  Jiit. 

The, Spoke-Shave.  The  si^ike-shnve  is  nsinl  by  the  pattern 
maker  for  shaping  (ind  nwuding  out  small  eunes  either  convex  or 
concave,  which  cannot  Ix-  n'«,he<l  with  the  ciR-ular  plane.  It  can 
be  found  in  a  gn-at  variety  of  styles,  either  in  metal,  as  shown  in 
Fig.  40.  or  in  wooii.  The  all-w,xxl  UiswhrI  s|x>ke  shave  illustrated 
in   Fig.  41.   without  brass  facing  or   sen-w  adjiistuient,   is    to   be 
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preferred  to  all  others  for  the  pattern  mrier's  use,  especially  for 
working  pine  or  other  soft  wood. 


Fip.  3a 

CHISELS  AND  QOUQES. 

The  chisel  enters  so  largely  into  the  work  of  the  ixittem  maker 
in  luring  and  shaping  patterns  that  the  qnality  of  the  tool  should 


Fig.  40. 


Fig.  41. 

be  of  the  best.  While  carpenters'  chisels  are  made  iu  sinvral 
styk»s,  they  may  bi»  divideil  into  two  genenil  classes,  socket-handled 
chisels,  and  firmer  or  paring  chisels.    The  fomier  an*  illustnitiHl 


FIr.  42. 

in  Fig.  42,  and  an*  uscmI  for  framing,  and  ft)r  very  ht*avy  work  of  all 
kinds  in  which  the  use  of  a  mallet  is  nec(»ssary.  Tin*  common 
tinner  or  jKiriug  chisels,  two  styles  of  which  an»  shown  in  Fig.  41^, 
are  the  best  all-round  chisels  for  pattern  work.     Bt»ing  lighter  and 
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thinner  than  the  others,  they  are  better  adapted  to  the  light  work 
on  which  they  are  used;  moreover,  when  used  with  care,  they  will 
answer  every  desirtnl  purpose,  ev'en  for  heavy  work  or  with  a 
mallet. 


Fig.  43. 

The  beveled-edge  chisel  shown  at  a^  Fig.  43,  is  greatly  to  be 
preferred.  It  is  lighter  than  the  other  kind  illustrated,  and 
the  square  angle  being  removed,  the  workman  is  enabled  to 
reach  into  angles  and  under  projections  difficult  to  reach  with  a 


Fig.  44. 


Fig.  ^5. 

square-edged  tool.  A  set  varying  in  width  from  J  inch  to  §  inch 
by  eighths,  and  from  |  inch  to  1^  inches  by  quarters,  nine  chisels 
in  all,  will  be  found  useful. 

The  paring  gouges  used  in  pattern  making 
are  ground  or  beveled  on  the  inside,  as  shown  in 
Fig.  44.  These  goug(»s  are  made  in  regular, 
middle,  and  flat  sw(»eps.  They  arc^  indisjx^nsable 
for  working  out  core  boxes  and  other  curv'(*s. 

In  S(»l(»cting  a  set  of  paring  gouges,  they 
should  be  not  only  of  assorted  sizes,  bnt  of  differ-  Fig.  47. 

ent  swc^eps,  so  as  to  work  out  semicircles  and  curvets  of  different  radii 

The  common  firmer  gouge,  illustrated  in  Fig.  45,  is  a  useful 
tool  for  rough  or  heavy  work,  but  in  general  its  use  can  be 
dispensed  with  in  imttern  making. 
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The  maimer  in  vhich  the  chisel  is  used   is  so  obvions  and 
simple  that  anr  instraotion  in  that  direction  wonld  seem  nnneces- 


saiy.  We  ^ball  only  say  in  a  gent^fal  way  that  in  using  a  chisel 
on  a  fiat  surface  or  in  a  Te<vss  it  should  always  be  held  with  the 
flat  or  back  of  the  chisel  against  tbt^work:  and, 
whenever  possible,  it  shonld  not  be  poshed 
straight  forward  or  straight  ihrongh  an  opeu- 
ing.  especiaUy  when  ijering  acros^s  the  grain  of 
the  wood,  but  should  bi-  mov,-.!  laterally  at  the 
same  time  that  it  is  pusbtd  forwanl,  as  indi- 
cat«^d  by  the  doii^Ti  lin-^  in  Fig.  W.  This 
insures  a  shearing  cut.  which,  wjih  can-,  even 
when  the  malarial  is  cross-graiuMl,  will  pro- 
duce a  smooth  and  t-\-n  surface. 

As  an  esi-rrist  f»r  acjuiriug  lb--  fi>^--  use 
of  thf  jjarin^  ohiseL  iheiv  is  nothing  V— tt*T  for 
ihi-  U-ginm-r  than  ib>-  sinipl--  h^lf-l.ip  joint 
shown  in  Fig.  47. 

Thi-  shouldi-r?  or  tb-  '-ifi~  of  iii<-  oij"iiiiigs 
must  h>-  cut  with  a  Imck  saw. 
the   sbonldei^  smooih-^   with 
oblaiiit.-d  bv  contiuu-r"!  trials. 


Fic.  **. 


bi-  oj».-iiiiig  is  !h«^n  cut  out  and 
wid'T  chis^L   and  a   ijerfect  fit 
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The  two  dove-tail  joints  shown  in  Fig.  48  may  be  attempted, 
after  having  succeeded  with  the  half-lap;  and  these  exercises  should 
be  continiuxl  by  the  student  imtil  such  control  of  the  chisel  is  at- 
taimnl  that  this  and  similar  work  can  be  done  with  ease  and  certainty. 
For  laying  out  work  of  this  kind  the  blade  of  a  pocketknife  or 
bench  knife  should  always  be  used.  This  gives  a  clean,  sharp-cut 
angle  for  the  meeting  sides  of  the  joints,  which  cannot  be  obtained 
If  a  scratch -awl  is  used.  The  awl  tears  and  breaks  the  fibres  of  the 
wood,  producing  a  rough,  nigged  angle,  which,  on  fitting,  cannot 
l)roduco  a  smooth  and  close  piece  of  work.  A  pencil  is  equally 
objectionable  because  of  the  indefinite  dimensions  given  by  its  use. 

An  assortment  of  four  to  nine  carver's  gouges,  front  bent  as 


28 
30 
31 


Fig.  49. 

shown  in  Fig.  -40,  will  bt^  found  mx:essary  for  working  out  short, 
diH^l>  onrvos,  and  in  plaivs  where  a  straight  gouge  cannot  be  used, 
ns  in  the  ixm^  Ix^xes  for  a  globe  valve,  shown  in  Figs.  222,  223,  227, 
22S,  and  similar  work. 

The  full  set  iXMisist^  of  #*//*<  tools,  the  curves  of  which  are 
nmnlH^riHl  friMu  ill  to  :^2.  The  two  extn^mes,  Nos.  24  and  32,  are 
shown  in  Fig.  4l\  and  alsi>  the  shajies  of  the  curves  of  the  seven 
iutonuiHliates,  Nivs.  :!v>  to  ol  inclusive. 

If  di^sinnU  to  sjuv  ox|vnso,  iv^oh  alternate  tool  might  be 
ou\itti\l  ftxMu  the  sot,  only  the  ixld  numhors  25,  27,29  and  31  being 
8olivtiHl.     Ki>r  orvlinary  work  !ht>s<^  will  W  found  sufficient. 

SOI  ARES. 

Tho  K^si  n\\  sqr«;\T\s  ^«t\^  r.inv  in;ulo  with  graduated  blades, 
'^K  .h\  ,n\.^  t^vMr,  two  iiu-lu'S  tv>  twrUv  inohi^  in  length  of  blade. 
Si\o\;»l  si>os  \xjr,   K-  fvMind  nixx^^sary.  as   in  many  cases   the 
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blade  most  be  Bhort  to  admit  of  its  Application  in  pattern  work. 
The  adjustable  try-square,  illustrated  in  Fig,  51,  is  not 
I'lpensive,  and  will  be  fonnd  to  fill  the  requirements  of  seveml 
small  s([aares.  It  is  made  in  two  sizes,  with  graduated  blades 
four  inches  and  six  inches  in  length  respectively.     The  blade  of 


Fig.  50. 


this  Bqnare  can  be  firmly  secured  in  its  seat  at  any  point.  When 
the  blade  is  carried  entirely  to  the  front  of  the  handle,  it  is  like 
an  ordinary  try-square;  and  the  moving  of  the  blade  makes  the 
square  equiilly  perfect  down  to  one-quarter-inch  length  of  blade, 
or  even  less. 


With  one  ailjustiible  sijiiiirt'  of  this  kind,  six  inches  in  length, 
only  one  H-inoh  or  one  10-inch  ordinary  squiire  will  be  found 
necessarjv 
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A  still  moie  conTenieDt.  bnt  slightly  more  expensire,  form 
ot  adjustable  tiy-sqiiaie  is  shown  in  Fig.  52.  It  differs  from  that 
shown  in  Fig.  -51.  in  being  self-«iHitained,  no  screw-drirer  being 
aecessaiy  for  owTiiig  the  Made  or  secoring  it  in  position,  find  also 
because  the  blade  can  be  i«nOT«d  entirely,  and  an  extra  blade, 


|i|i|!i'|i; 
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I 
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shown  ia  Fii:-  53-  snl^titntfd.  The  ends  ot  this  second  blade  give 
KMh  the  h(.'£i^:c<D  aitJ  iX'ta^Txi  an^es.  which  is  a  matter  of  great 
v-VBTvniiTice  to  the  [uctc'm  maker.  Fig.  53  shows  the  hexagon 
end  of  thi'  hLitl-c  ^y^'d^d.  Koveree  the  blade  and  the  octagon  end 
will  K-  in  tvti;;^.':!  for  us<-. 


.-  -"5;; 


^^ 


m 


'.  ">l^w^■  ^.i.:: 


.■•ckl  K^  SMldetl  a  carpenter's 
:Vr  tL^e  in  laying  oat  and 
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BEVELS. 

The  bevel  illustrated  in  Fig.  54,  with  the  clamping  ecrew  in 
the  end  of  the  handle,  is  tho  most  accurate  and  thu  most  easily 
adjosted  style  of  this  indispensable  tool.  The  blades  are  made 
from  C>  to  12  inches  In  length,  and  have  a  slot  in  one  end,  which 
admits  of  that  end  being 
shortened  to  meet  the  require- 
ments of  work. 

The  small  Universal  bevel, 
illustrated  in  Fig.  65,  like  the 
adjustable  try-square,  is  not 
an  expensive  tool,  and  will 
be  foond  generally  useful, 
especially  in  working  the  draft 
on  patterns,  and  in  turning 
the  parts  of  patterns  on  the 
wood  lathe  which  cannot  be 
reached  with  an  ordinary 
bevel.  The«f/-o^intheblade 
increases  its  cai>acity  and  use- 
fulness, so  that  any  angle, 
however  slight,  can  be  ob- 
fciimil. 

One  ^-inch    Universal,  ai 


Fig.5i. 
id  one  8-inch  or  lO-inch  onlinary 


bevel,  will  meet  all   the   reciuiremcnts   of  tho   pnttfrn  maker  for 
the  U'velfd  iilges  and  surfaces  and  the  draft  of   iwitteni  worii. 


80 


PATTERN  MAKING 


MARKING   QAQES. 

The  marking  gage  Ib  OBed  for  drawing  a  line  at  a  giTen 
distance  from,  and  parallel  to,  the  already  trned  and  jointed  sorface 
or  edge  of  a  board  or  piece  of  wood  that  is  being  marked  to  dimen- 
sions.    There  are  many  forma  of  this  tool,  bat  in  the  "Improved 


.-•jSS£ii 


iiA-' 


l..i.il...i!l.i,i,.,Li.i.l1.,.i.i.l.i.i,1 


Fig.  56. 


Marking  Gage,"  illustrated  in  Fig.  56,  the  head  is  reverflible. 
The  flat  Bide  of  the  head  ia  used  for  ordinary  atra^ht  work,  while 
the  reverse  Bide,  having  the  braes  face  with  two  projecting  ribs, 


PiK-  57. 


Fig.  58. 


Fig.  58. 


enablffi  Hii>  operator  to  run  a  gagt!  line  with  perfect  steadiness 
ami  acTunicy  iironud  curves  of  any  radius,  either  convex  or  concave 
— a  fuuturc  much  to  be  desired  in  a  pattern-maker's  gage. 
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DIVIDERS  AND  TRAMMELS. 

The  ordinary  wood-worker's  dividers  can  be  bought  in  maoy 
forma,  the  most  common  being  the  screw-adjusting  wing  dividers, 
shown  in  Fig.  57.  This  form  is  reliable,  and  is  easily  adjusted  to 
the  required  distance  between  points.  Moreover,  when  damped  by 
the  thumb-screw,  it  is  not  liable  to  be  altered  by  a  slight  blow 
in  handling. 

Another  and  improved  form  is  shown  in  Fig.  58,  one  leg 
of  which  ia  removable  so  that  a  pencil  can  be  inserted.  This  will 
be  fomid  very  convenient  for  marking  and  laying  out  work. 


For  spacing  the  tet'th  of  gear  wheels,  and  for  other  work 
in  which  great  accuracy  is  rfquin-d,  a  pair  of  2i-inch  or  3-inch 
dividers,  ench  as  are  shown  in  Fig.  59,  will  be  found  necessary. 

The  trammel  is  used  when  the  distance  bc^tween  the  points 
to  be  reached  is  too  great  for  tlie  ordinary  dividers.  The  trammel 
points  are  clamped  to  a  beam  of  sufficient  length  to  enable  them 
to  be  set  to  the  required  distance  aiwrt.  They  may  hv  bought  with 
one  adjustable  point,  as  illustrated  in  Fig.  (JO;  or  without  the  screw 
adjustment,  as  in  Fig.  61.  The  ix>ints  an;  removable  for  the 
insertion  of  a  pencil  socket  and  pencil  when  needed. 
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For  very  accurate  work,  an  excellent  tool  of  this  kind  is 
illustrated  in  Fig.  62.     The  beams  furnished  are  4  inches  and 

13  inches  in  length.  By  the  use 
of  the  cone  center,  shown  at  V, 
which  may  be  substituted  for  the 
regular  point,  the  tool  can  be 
used  for  scribing  a  line  around 
any  hole  already  bored — which 
is  sometimes  a  matter  of  great 
convenience.  The  complete  set 
includes  the  pen,  pencil,  straight 
and  bent  points,  and  the  cone 
center,  as  shown  in  the  cut. 

CAUPERS. 

Calipers,  like  di^^ders,  are 
F^'R-  61.  made  in  many  diflferent  forms, 

with  and  without  screw  adjustment.     Fig.  63  illustrates  the  screw- 


c        o 

FifT.  G2A. 


Fi^r.  02. 

adjusting  wing  calipers  for  outside  measurements;   and  Fig.  64 
the  firm-joint  outside  calipi^rs,  used  for  the  sanu^  pur]X)se. 
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Inside    calipers   for    taking    iuslde    dimensions 
distances  are  shown  in  Fig.  fiS. 


Pig.  65l  Pig.  (Jfi. 

The  adjustable  inside  calipers  are  illustrated  in  Fig.  &>. 
CalijKjrs  are  used  for  measuring  the  distances  between  jKiints 
exteniid  and  internal,  when  a  rule  could  not  be  use<lwith  accuracy. 
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They  are  iiidisix^us^ible  to  the  wood  turner  for  measuring  the 
diameters  of  cylindrical  forms  and  other  work  while  being  turned 
to  required  dimensions  in  the  lathe.  When  used  by  the  pattern 
maker,  they  may  be  applied  while  the  wood  is  revolving,  until  it 
has  been  reduced  almost  to  the  required  dimensions;  after  which, 
when  the  calipers  are  used,  the  lathe  should  be  stopi)ed,  to  prevent 
the  surface  from  being  marked  by  the  points,  and  in  order  to 
obtain  exact  measurements. 

The  calipers  should  not  be  pushed  or  forced  over  the  piece, 
but  in  passing  over  the  finished  cylinder,  the  points  should  touch 
it  lightly  without  springing  the  legs  of  the  calipers;  otherwise  the 
required  dimensions  cannot  be  obtained  with  accuracy. 

MISCELLANEOUS  TOOLS, 

There  remain  to  be  described  a  few  tools,  which,  while  neces- 
sary, are  so  common  as  hardly  to  require  either  illustration  or 


Fig.  67. 

description.    Among  these  are  tht;  hammer,  the  best  form  of  which 
for  i\n>  pattern  maker  is  shown  in  Fig.  f)7,  and  the  mallet,  of 

which  the  best  form  is 
shown  in  Fig.  GS. 

A  mallet  that  is  to 
lx»  used  on  the  handle 
of  firmer  chisels  and 
other  x^'ittem  maker's 
tools,  should  not  ho 
made  of   hickorv  or  of 


Fifr.  68. 


lignum-vitte,  nor  have  hard-rubber  or  hard-fibre  facing.     Mallets 
thus  made  soon  mar,  splinter,  and  destroy  the  tool-handles  on 
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which  they  are  uscil.  Boechwcxxl  and  majJe  furnish  the  best 
material  for  mallet- heads  for  the  use  of  the  woodworker  who  works 
in  i)ine  and  other  soft  woods.  It  is  true  that  the  mallet-head  will 
not  last  so  long  if  made  of  beech  or  maple  wood;  but  the  chisel  and 
gougt^  handlers  will  be  protect(»d,  which  is  a  matter  of  much  greater 
imix)rtanc(\ 
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Fig.  69. 

Of  the  screw-driver,  illustrattnl  in  Fig.  69,  at  least  two  or 
three  sizt.»s  will  be  found  necessary. 

Tlie  scratch-awl.  Fig.  70,  although  used  but  little  at  the 
work-bench  (a  knife  being  usikI  in  its  place  for  all  accurate 
markings),  is  indisix?nsable  to  the  jjattern  maker  for  laying  out 
the  dimensions  on  his  work 
while  it  is  revolving  in  the 
turning  lathe.  *  It  should  be 
long  and  sh^nder,  as  shown,  "'^'  '^* 

and  is  ustnl  on  the  revolving  wood  by  placing  it  over  the  required 
graduation  of  the  rule,  while  the  latter  is  held  on  the  tool  rest. 

Brads  and  small  wire  nails  must  often  be  driven  at  such 
an  angle  to  the  grain  of  the  wood,  or  in  such  a  position,  as  to  make 
it  necessary  first  to  bore  a  small  hole  in  onltT  to  start  the  brad 
in  the  reqiiinnl  direction.     The  brad-awl,  illustrattn^l  in  Fit^.  71, 


Fijr.  71. 

is  a  convenient  tool  for  this  purix>s(?.  It  is  commonly  ground 
to  a  chisel  point,  as  shown  at  a^  but  will  be  less  liable  to  cause 
splitting,  and  will  work  faster  and  with  greater  eas(\  if  ground  to 
a  double  six^ar  point,  as  shown  at  h.  The  four  comers,  if  kept 
sharp,  will  enter  the  wood  and  cut  faster  than  the  chisel  ix)int. 
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Side-cutting  pliers,  such  as  are  illustrated  in  Fig.  72,  will  be 
found  convenient  not  only  for  cutting  oflf  wire  and  brads,  but  for 
removing  small  brads  and  for  holding  small  pieces  while  being 
worked  to  shape. 


Fig.  72. 
Among  the  tools  which  cannot  be  dispensed  with  are  the  brace 
and  an  assortment  of  boring  bits.    The  most  desirable  style  of 
brace  is  the  ratcliet  brace,  illustrated  in  Fig.  73.    The  convenience 

of  the  ratchet  will  soon 
be  apparent  from  the 
necessity,  so  often  aris- 
ing, for  boring  holes  or 
driving  screws  (with  the 
brace)  in  angles  or  close 
to  projections  where  the 
Fip.  73.  full  sweep  of  the  brace 

cannot  bo  taken.     Braces  are  made  in  many  sizes,  with  sweep 
varying  from  6  inches  to  14  inches  in  diameter. 

A  brace  with  an  8-iiich  sweep  is  the  most  convenient  in  size 
for  boring  holes  one  inch  or  less  in  diameter  in  soft  wood.    For 


Fig.  74. 

larger  holes,  and  especially  in  very  hanl  woods,  a  10-inch   or 
12  Inch  sweep  will  be  necessarj\ 

Wood-boring  bits  are  made  in  many  styles.     The  most  import- 
ant  are  the  auger  bits,  two  styles  of  which  are  shown  in  Fig.  74. 
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They  «in  be  bought  in  sizc^s  ninuing  by  sixteenths  of  an  inch  from 
J  inch  to  1  inch.  For  holes  larger  than  one  inch,  the  No.  2 
extension  bit,  shown  in  Fig.  75,  is  the  best.  It  has  two  cutters, 
and  will  bore  a  hole  of  any  size  from  ^  inch  to  3  inches  in  diameter. 


Pip.  75. 

For  screw-holes,  the  gimlet  bit  or  the  twist  drill  for  wood, 
both  of  which  are  illustrated  in  Fig.  76,  can  bo  bought  in  all  sizes 
running  by  thirty-seconds  of  an  inch  from  -gV  inch  up  to  |  inch. 


Fip.  76. 

The  brace  screw-driver,  and  also  the  brace  countersink  for 

8crew-h(^ads,  are  important  tools.    They  are  shown  in  Fig.  77,  and 
can  be  bought  in  larg(»,  nuKlium,  and  small  sizes. 


a 
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Fig.  77. 

The  half-round  cabinet  file  and  half-round  cabinet  rasp,  shown 
in  Fig.  78,  enter  larg(4y  into  the  work  of  the  pattern  maker,  and 
should  be  bought  in  sizes  each  of  6  inches,  8  iuch(?s,  and  10  inches. 
Larg(»r  as  W(»ll  as  intermediate  sizes  may  often  be  found  nec(»8sary, 
but  will  not  be  needtxl  for  ordinary  work. 


45 


PATTERN  MAKING 


Every  pattern  shop  Bhould  have  at  least  oue  dozen  each  of 
three  or  toxii  different  sizes  of  hand-screws  or  clamps  Bimilar  to 

■■--_—--'   that  shown  in  Fig.  79.     These  are  adjustable 

through  wide  ranges.  They  are  used  for 
clanix>iug  t<^ther  the  material  that  is  being 
glued  up  to  form  the  dilTerent  j^i^  of  a 
pattern,  and  are  convenient  also  for  many 
other  purposes.  The  all-iron  C  clamp,  shown 
in  Fig.  80,  is  sometimes  useful  in  positions 
that  are  hard  to  reach  with  a  hand-screw. 
The  method  of  adjusting  and  of  using  the 
band-screw  will  be  fully  explained  later. 

RULES. 

For  all  ordinary  measurements,  a  2-foot, 
folding  standard  rule.  Fig.  81,  will  be  suffi- 
ciiiit.but  this  rule  must  not  be  used  for  laying 
out  or  for  working  patterns,  or  any  part  of  a 
l>iitttni  or  core  box, to  the  required  dimen- 
sions. For  all  such  purposes  a  shrinkage 
rule  must  hv  used.  The  reasons  are  that 
when  a  mould  made  from  the  wooden  pattern 
in  the  sand  is  filled  with  molten  metal,  its 
temperature  is  very  high,  and  as  it  cools  and 
poliilifit's  it  contracts.  Accordingly,  to  com- 
l»ensato  for  this,  the  pattern  maker  must  add 
to  the  size  of  the  pattern.  In  order  that  this 
nuiy  l)e  done,  and  exact  relations  nevertheless 
be  maintained  for  all  dimensions,  a  shrinkage 
nile  is  usi^.  This  rule  is  marked  off  exactly 
like  an  onlinary  rule;  but  if  the  two  are  com- 
pan-d,  the  shrinkage  rule  will  be  found  to  be 
about  ^  inch  longiT  thnu  the  other  for  each 
foot  of  length. 

Tlu'  contraction  or  shrinkiige  of  different 
metals  in  the  moulds  vjirics  gn-atly,  that  for 
cast  iron  iH'ing,  as  above  statetl,  J  inch  to  each  foot.  For 
brass,   however,   the  shrinkage   is  -^  inch  to  the  foot;  and  for 
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many  of  the  softer  metals  it  is  as  great  as  J  iuch  jxt  foot. 
Shrinkage  rules,  Fig.  82,  are  usually  made  of  a  single  piece 
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Pig.  79. 

of  boxwooil  or  beech,  those  for  cast  iron  btMiig  24J  inches  long, 
for  brass  24|  inches  long,  and  for  other  soft  metiils  24^  inches 


Fig.  80. 


in  length.     They  c^in  also  be  bought  made  of  teniixTed  st(*el  12j^ 
inches,  12-iV  inches,  and  12J  inches  in  h^ngth.     Tn  making  use 


Fig.  81. 
of  the  shrinkage  rule,  the  workman  will  proceed  just  as  though 
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ho  -were  using  a  standard  role;  and  when  the  pattern  is  completed 
it  will  be  foand  to  be  larger  in  all  its  dimensions,  jnst  in  proportion 


Pig,  82. 
iiB  the  oxtni  lungth  of  the  shrinkage  nile  makes  it  greater  than 
the  standard  rule 

OIL    STONES. 

As  buforu  Btateil,  iit!W  planes,  chisels,  and  otlier  edged  toc^ 
if  of  the  best  quality,  are  always  sold  ground  and  sharpened,  ready 
for  use.  When  used,  however,  they  soon  become  dulled,  and  must 
then  be  resharpened,  and  be  so  kept  as  to  have  a  smooth,  keen 
cutting  e<lge,  in  order  to  do  good  work  and  to  work  rapidly.  The 
method  einx)loyed  for  doing  this  is  the  same  for  all  edged  tools, 
whether  ground  mid  shaqx^ned  on  one  side  or  on  both  sides. 

Oil  stones  iiro  used  for  plane-irons,  chisels,  and  all  flat  and 
straight-edgt.tl  tools;  and  oil  slips,  having  romidi-d  edges,  for 
goug<?s,  iiiid  for  Jill  tools  having  cnr\-fd  edges.  They  are  made  of 
different  fiizrs,  and  may  bi!  found  of  many  and  widely  different 
qualitii's.  The  best  known  and  most  widely  used  oil  stones  in  this 
comitrj',  iiud  ijcrhiiiis  in  the  world,  are  the  "Washita,"  of  which 
the  "Lily  White  Washita''  briiiid,  Iwfing  carefully  selected,  are  the 
most  oven  in  gradt^  and  <mality.  and  are  the  best-adapted  natural 
stone  for  woodworkers'  tools. 

The  Arkansas  oil  stones  are  claimed  to  be  the  hardest  and 
tinest  oil  stones  in  the  world.  They  are  composed  of  nearly  pure 
silica  in  the  form  of  minute  crystals  interiienctrating  one  another, 
and  differ  from  the  Washitii  only  in  the  minuteness  of  the  crj-stals 
and  in  their  more  couqKict  arrangi^uieiit.  They  are  consequently 
very  muih  harder  and  cut  hardencrd  steel  more  slowly  than  coarser 
grades  of  stone,  but  imi»art  a  finer  and  smoother  edge  to  the  tool. 
They  are  usi-d  by  wixxl-carvers,  engravfrs,  watrhiaakers,  and  others 
using  totils  that  nquire  a  very  fine  edgi'  or  iwint.  They  are 
ex|H;nsive,  and  shouM  be  usi.^1  carefully  with  eqaal  imrts  of  sjx-rm 
oil  and  glycerine. 
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For  wood  turners'  and  imttem  makers'  tools,  the  sharpening 
qualities  of  the  "Wiishita"  are  unsurpassed;  but  the  quality  differs 
greatly  in  stones  sold  under  this  name,  some  being  uneven  in 
hardness,  and  somo  soft  and  worthless.  No  trouble  will  be  found, 
however,  if  some  good  selected  brand  such  as  the  one  mentioned 
above  is  chosen.  A  good  size  for  an  oil  stone  is  6  inches  to  8 
inches  in  length,  and  from  1|  inches  to  2  inches  in  width.  The 
thickness  does  not  matter,  but  the  stones  usually  vary  from  |  inch 
to  1\  inches  in  thickness. 

The  oil  slip  should  be  about  4J  inches  in  length,  and  from  1| 
inches  to  2  inches  in  width,  tapering  from  |  inch  on  one  edge  to  VV 
inch  on  the  other,  both  edges  being  roimded  as  shown  in  Fig.  83. 

In  using  the  oil  stone,  care  should  be  taken  to  hold  the  hevel 
of  the  tool  flat^  or  nearly  flat^  on  the  stone^  so  that  the  cutting 
eilge  may  be  k(»pt  thin  and  in  easy  working  condition.  The  stone 
is  held  stationary  on  the  work-bench,  and  the  tool  is  moved  for- 


Fig.  a3. 

ward  and  backward  over  its  face.  In  the  use  of  the  oil  slip,  on 
the  other  hand,  the  tool  is  held  stationary,  with  the  cutting  edge 
or  end  up,  and  the  slip  is  rubbed  over  the  beveled  surface  with  a 
circular  motion  or  stroke,  mitil  a  keen,  sharp  edge  has  again  been 
imparted  to  it.  An  abmidance  of  oil  should  always  be  used  in 
order  that  a  finer  and  smoother  edge  may  be  given  to  the  tool,  and 
the  pores  of  the  stone  be  k(»pt  clean  and  free  from  glazing. 

In  the  last  few  years  an  entirely  new  variety  of  oil  stone  and 
oil  slip  has  been  placenl  on  the  market.  It  is  call(?d  the  India  oil 
stone,  and  is  mmlo  from  corundum,  the  hardest  of  all  mineral  sub- 
stances exc(»pt  the  diamond.  These  stones  have  woudi^rful  cutting 
qualities,  and  differ  greatly  from  other  oil  ston(»s  in  that  they  v.ui 
steel  much  faster,  impart  lx»tter  edges,  and  do  not  glaze.  They 
are  also  of  uniform  tc^xture  throughout.  India  oil  stones  an^ 
furnished  in  three  gnides — coarse,  medium,  and  fine — and  in  all 
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required  shapes,  a  few  of  wliich  are  shown  in  Fig.  84.  Only  the 
'*fine"  stones  are  adapted  for  woodworking  tools  and  for  those 
classes  of  tools  requiring  a  fine  cutting  edge. 


GRINDSTONES. 

Second  in  importance  to  a  good  oil  stone  is  the  grindstone, 
power-driven  if  possible.  It  should  not  be  too  close-grained.  A 
rapid-cutting  stone,  even  if  moderately  coarse,  is  greatly  to  be 
preferred,  as  all  ground  edges  must  be  finished  on  the  oil  stone 
however  finely  they  may  have  been  groxmd  on  the  grindstone. 

A  stone  about  36  inches  in  diameter  when  new,  is  a  good  size; 

and  can  be  bought  with  a  suitable  cast- 
iron  trough  underneath,  and  also  with 
an  arrangement  for  supplying  the  water 
necessary  to  keep  the  stone  wet. 

In  all  stones  there  will  be  found 

great  diflFerences  of  hardness  in  different 

parts.     Stones  soon  lose  their  cylindrical 

shaxxi  and  must  be  turned  true.    A  piece 

j^''^\  /^*CA    ^^  gas-pipe  or  an  old  file  will  be  found 

/\^  \^J0    excellent  tools  for  this  purpose,  but  they 

must  be  used  without  water. 

In  using  the  grindstone  for  plane- 
irons,  chisels,  and  other  tools  that  must 
be  ground  with  a  long  bevel,  or  to  a  thin 
edg(%  it  is  bettor  to  stand  so  that  the 
stone  runs  toward  the  cutting  edge  of 
FifT  84.  the   tool,  as   shown   in    Fig.  85.     This 

position  grinds  the  tool  much  faster,  and  less  of  a  feather  will  be 
turned  ui)  on  the  final  edge. 

Scraping  tools,  however,  and  indeed  all  tools  having  a  very 
short  bevel,  or  whose  cnlges  an*  ground  to  a  vc^ry  obtuse  angle,  may 
he  held  so  that  th(»  stoni*  will  revolve  away  from  the  cutting  edge* 
of  the  tool,  this  position  being  less  liabh*  to  cut  hollows  in  th(» 
face  of  the  stone.  This  method  of  grinding,  howev(»r,  is  too  slow 
for  tools  having  a  long  bc^vel,  and  which  for  that  reason  require 
roore  grinding. 
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When  to  use  the  grindstone  is  a  question  that  often  occurs 
to  the  beginner,  who  sometimes  confuses  the  use  of  the  grindstone 
with  that  of  the  oil  stone.  The  grindstone  is  not  in  any  sense  an 
instrument  for  sharpening  woodworkers'  tools.  When  a  chisel 
or  a  plane-iron  has  been  sharpened  on  the  oil  stone  for  several 
successive  times,  the  bevel  is  gradually  worn  shorter,  and  its  shaxx) 
changed  from  that  shown  at  «,  Fig.  86,  to  a  shape  similar  to  that 


E 


Fig.  a'i.  Fig.  86. 
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shown  at  h.  When  the  length  of  the  bevel  is  thus  reduced,  the 
angle  of  the  cutting  edge  is  too  obtuse  to  do  good  work,  or  to  work 
easily.  The  metal  at  c  must  then  be  ground  oflf  on  the  grindstone, 
and  the  bevel  of  the  tool  restored  to  its  former  correct  shape 
as  shown  at  «,  after  which  the  cutting  edge  must  be  sharpened  and 
finished  on  the  oil  stone. 

LATHES. 

Of  all  power-driven  machines,  the  most  indispensable  to  the 
pattern  maker  is  the  wood  turning  lathe.  In  a  small  shop  where 
small  patterns  only  are  made,  a  14-inch  or  a  16-inch  speed  lathe, 
such  as  is  shown  in  Fig.  87,  may  prove  sufficient  for  all  purposes; 
but  if  only  one  lathe  can  be  afforded,  it  should  be  a  regular  pittem- 
maker's  lathe,  similar  to  that  illustrated  in  Fig.  88. 

The  latter  differs  from  the  si^ei^d  lathe  in  that  the  head-stock 
spindle  extends  through  the  left-hand  bearing,  and  is  fitted  to 
nM?eive  face-platOs  and  chucks,  the  same  as  on  th(^  inside  end. 

The  arrangement  of  the  countershaft  is  also  such  as  to  give  a 
much  wid<»r  range*  of  sp'tnl  to  the  lath(?  head,  so  that  pi(^ces  of 
very  large  dianu»ter  may  bt»  turn(Ml  at  a  sikhkI  pro]X)rtioned  to 
their  sizc^s.  Th<»S(»  lath(»s  an?  also  fittcnl  witli  a  hand-feed  slide  rest 
— either  comix)und,  as  shown  in  the*  illustration,  or  a  plain  slidiut^ 
tool-holdc»r  movwl  by  a  rack  and  pinion,  as  may  1h»  desinnl.  Th" 
tail  stock  is  so  arrang(Kl  as  to  bt^  adjustable?  for  turning  long 
cylinders,  either  tapering  or  straight,  as  may  be  reiiuired.     When 
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not  in  use  the  elide  rest  may  be  lemoved  from  the  lu the,  and  the 
ordinary  tool  rest  and  rest  Bockot  substituted  in  its  place  for  hand 
turning. 

The  speed  at  which  a  lathe  should  be  nm  is  always  indicat*Kl 
by  the  manufactnrer,  the  countershaft  usually  running  at  a  speed 
of  500  to  550  revolutions  per  minute. 

A  variety  of  chucks  and  face-plates,  used  for  holding  the 
work,  are  always  famished  with  a  lathe.    8omeof  these  are  shown 


Pig.  87. 


ill  th((  engrnviiiK.  thi;  screw  ihui-k  being  shown  at  a.  Fig.  88;  and 
two  of  the  iron  fiice-plali's  iin'  shown,  one  on  each  end  of  the  spimlle. 
But  ill  addition  t*)  these  fiice-i)liftes,  which  reiilly  fonn  the 
bfise  only  for  cliuckitig  tlie  iwilteni,  wooden  chucks  must  Ix- 
iisitl  iiiterniiiliate  Iwtwecu  tlie  iron  fiice-plate  iind  the  XMittem. 
These  wooden  fjiee-jjIiiti'S  are  coiistnieti  d  in  u  vjiriely  of  ways  by 
different  pattern  makers;  but  for  small  ixitt^^riis  it  is  necessary  to 
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use  only  a  plain  board  ^  inch  to  1\  inches  in  thickness  and  of  a 
slightly  greater  diameter  than  the  required  pattern.  This  board  is 
screwed  fast  to  the  iron  face-plate  as  shown  in  Fig.  89,  to  which, 
after  being  placed  in  the  lathe  and  turned  true,  the  pattern  is 
attached,  as  will  be  fully  illustrated  and  described  farther  on.    For 


Fig.  88. 

patterns  of  a  medium  size,  say  20  inches  to  30  inches  in  diameter, 
the  board  should  be  stiffened  by  means  of  a  wide  wooden  bar  firmly 
screwed  across  the  back,  as  in  Fig.  90. 

When  chucks  are  needed  for  very  large  or  heavy  work, 
the  chuck,  in  ordtT  to  prevent 
vibration,  must  be  strong  in 
proportion.  It  is  best  made 
as  illustrated  in  Fig.  91,  in 
which  the  front  of  the  chuck, 
as  shown  at  a^  will  be  least 
affi»cti»d  by  the  moisture*  in  the 
air  if  left  unglmtl,  or  at  bt'st 
only    tongue il    and    groovcnl,  ^'S-  ^• 

Ix'ing  h<'l<l  together  by  the  cross-b<irs  only,  as  shown  at  J,  to  which 
it  is  finnly  screw(»d,  without  glm*.  This  chuck  is  simple  and  cheap, 
and  will  be  foiuid  in  practice*  much  stronger  and  more  rigid  than 
one  built  up  out  of  sectors  or  in  a  more  elaborate  way. 
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LATHE    TOOLS. 

Of  lathe  hand  tools  the  first  to  be  considered,  as  also  the  first 
to  be  used,  is  the  gouge.  It  is  usf.'d  for  reducing  the  stock  to 
be  turned,  from  ii  rough  or  rectangular  shape  to  a  cylindrical  form, 
preparatory  to  smoothing  and  finishing.  It  is  ground  and  beveled 
on  the  back  or  convex  side,  and  the  shape  of  tlie  cutting  edge 
should  be  of  the  same  curva- 
ture as  the  inside,  or  upper 
side,  of  the  tool.  Gouges  are 
made  in  all  sizes,  one  of  ^hich 
is  illustrat.'d  in  Fig.  92;  but 
for  the  pattern  maker's  use 
four  gouges,  ranging  from 
J  inch  to  IJ  inches,  will  Ue 
fouiiil  sufficient  for  all  pur- 
poses. 

Before  using  tlic  gouge,  and  indeed  any  lathe-cutting  tool, 
the  workman  should  taki;  care  to  see  that  the  tool  rest  has  been 
elevated  above  the  center  line  of  tlie  lathe  centers,  from  J  inch  for 
small  work  to  1  inch  or  more  tor  lai^e  work.  The  position  of  the 
gouge,  when  in  use,  is  horizontiii  and  (it  about  a  right  angle  to  the 


tool  rest,  It  sliould  not,  however,  be  laid  on  the  rest  so  as  to  use 
only  thi>  extrcnui  iK>nit  of  tlio  tool,  but  sliould  U'.  tiltt^I  over  first 
to  one  side  and  thiui  to  the  other,  so  as  to  bring  all  i>art3  of 
the  rutting  .nlge,  sueceSHively,  in  cont««-t  with   tlie  w<xxl  that  is 

K'iug  turned. 
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The  gouge  may  be  used  by  tlie  beginner  without  hesitation, 
as  in  no  position,  whether  tilted  or  on  its  back,  will  it  catch  or  rip 
into  the  wood.  The  tool  should  be  held  firmly  by  the  extreme  end 
of  the  handle,  in  the  right  hand,  while  the  left  hand  rests  against 
the  tool  rest,  the  bhwle  of  the  tool  bt^ing  grasiK»d  lightly  with  the 
fingers,  and  pissing  through  and  under  the  left  hand  while  resting 
on  the  tool  rest. 


c 


onz^..^) 


Fig.  92. 

The  turning  gouge,  being  cun'ed,  can  be  used  only  as  a 
roughing-down  tool  or  for  turning  out  hollows,  and  cannot  be  used 
for  finishing.  It  will  not  make  a  straight,  true,  or  smooth  surface. 
For  this  purpose,  in  common  and  ornamental  turning,  the  skew 
chisel,  one  size  of  which  is  shown  in  Fig.  93,  is  used.  This  form 
of  chisel  is  made  in  all  sizes  from  J  inch  to  2J  inches  in  width,  but, 
unlike  the  goug(\  requires  considerable  practice  and  skill  for  its 
successful  use. 


I'  !  ' 

I  I 

I I 


Fig.  a3. 

The  skew  chisel  is  h(4d  slightly  tilted  so  that  while  the  short 
edge  of  the  blade  touchi^s  the  tool  rest,  the  long  cnlge  will  bi* 
slightly  above  the  rest,  so  that  the  long  comer  of  the  skew  point 
extends  vp  and  well  over  the  cylinder  which  is  b(»ing  smoothed, 
thus  pniventing  the  long  skew  point  from  catching  and  tearing 
into  the  work.  All  the  cutting  must  be  donti  with  the  short  \mr\ 
of  the  skew  cnlgt*,  say  one-half  inch  only  of  the  cutting  e<lg(\ 
the  tool  resting  not  only  on  the  tool  rest,  but  resting  also  firmly 
on  the  cylinder  that  is  beting  tunu^d,  just  as  a  plane  n^sts  on  a 
board  while  cutting  and  removing  the  shavings  from  its  surface. 
The  right  ix)sition  for  this  tool  is  hanl  to  obtain  at  first,  and  can 
be  ac^iuired  only  by  pati(*nt  and  continued  practice.  In  no  cas(\ 
however,  should  the  skew  chisel  lx»  held  flut  on  the  tool  rest. 
or  usihI  as  a  scraper,  this  not  being  allowable  or  good  practice 
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oisily  iind  qaickly  bo  niisitl  to  a  cutting  position.  The  front  buK 
nf  till'  t.-iblc  is  nin<l(<  to  Blitlc,  whilo  the  whole  table  can  bo  tilted  to 
an  angle  of  45°,  and  will  n>- 
niain  in  any  position  desired 
without  clamping.  As  ebown, 
it  is  provided  with  adjostablo 
gages  for  crossoatting  or 
mitering,  and  with  an  adjust- 
able fence  for  ripping,  all  of 
which  are  removable  at  will, 
leaving  the  whole  upper  sur- 
face of  the  table  clear.  Fig.  97 
gives  a  view  of  the  table  from 
above.  As  in  the  case  of  the 
turning  lathe,  the  intended 
sptH^I  of  the  saw  countershaft 
is  iiid]cat«<d  by  the  mannfac- 

tURT. 
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The  single-arbor  circular  saw  bench  shown  in  Fig.  98 
IS  a  less  oxix»nsive  machine  than  that  just  described;  but 
the  time  lost  in  having  continually  to  change  tlie  saw  on  the 
single  arbor  from  rip  to  crosscut  and  back  again  for  pattern 
work,  is  a   vt»ry  annoying  as  well  as   expensive  inconvenience. 

BAND  AND  SCROLL  SAWS. 

A  good  band  saw,  such  as  the  one  illustrated  in  Fig.  99,  is 
indispensable  for  cutting  the  curves  and  irregular  shapes  that 
form  a  part  of  so  many  patterns.     The  best  machines  of  this 

description  have  a  tilting  table 
which  can  be  set  and  clamped 
at  any  angle,  enabling  the 
workman  to  give  the  required 
level  or  draft  to  his  work. 
With  a  sharp  and  well 
kept  saw,  there  is  no  more 
rapid  or  correct  method  of 
cutting  out  and  making  cir- 
cular core  boxes  of  all  sizes 
whose  length  is  within  the 
capacity  of  the  machine.  The 
block  from  which  the  con*  box 
is  to  be  made  must  be  cut 
perfectly  s(iiiare  on  the  end 
that  is  to  rest  on  th(*  saw 
table;  and,  if  this  end  of  the 
block  is  not  hirge  enough  to 
give  sufficient  bas(?  to  hold  it 
in  an  upright  position,  the 
Fi>.  99.  block  can  be  sui)ix)rted  against 

the  blade  of  a  try-square,  or,  better  still,  against  a  woo(l(»n  bracket 

inarle  for  the  purix)se. 

The  scroll  saw,  illustrated  in  Fig.  100,  is  necessary  for  cutting 

inside  cur\'es  and  ojK^nings  in  which  a  band  saw  could  not  be  ustnl. 

Like  the  band  saw  it  should  have  a  tilting  table.     Wliere  both  saws 

cannot  be  aflfonled,  the  scroll  saw  will  take  the  plac(i  of  both. 
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While  not  worLing  so  rapidly  as  the  continuously  cutting  blade 
of  the  band  saw,  it  is,  wheu  kept  sharp  and  in  good  nmniug 
condition,  a  great  time-  and  labor-saving  machine. 

PLANING   MACHINES. 

Because  of  the  fact  that  pattern  lumber  can  be  bought  already 
dressed  to  any  required  thickness,  a  planing  machine  is  not  found 
in  every  pattern  shop.  The  ordi- 
nary surface  planer,  however, 
will  not  take  the  twist,  or  wind 
(i  as  in  find),  and  the  carves 
out  of  the  surface  of  the  lumber 
—  a  matter  of  very  great  import- 
ance in  pattern  work,  and  one 
which  requires  a  great  deal  of 
time  if  the  planing  is  done  by 
hniid. 

The  hand  planer  and  Jointer, 
illustrated  in  Pig.  101,  is  almost 
indispensable,  not  only  for  fac- 
ing the  sides  of  boards  perfectly 
true,  straight,  and  free  from 
wind,  but  also  for  jointing  the 
etlgeB,and  for  making  perfectly. 
fitting  glue  joints  in  a  manner 
snijcrior  to  any  hand  work. 
Tliese  machines  can  Ix-  bought 
in  widths  of  from  twelve  to  thirty 
inches.  A  machine  sixteen 
inches  wide  ia  a  very  desirable 
sizi'  for  iKitteni  work. 

It  will  readily  be  seen  that 
the  ninning  of  a  board  over  the 
Fip.  100.  hand  plaiiiT,  while   facing  the 

snrfuci!  straight  and  true,  will  not  re<luco  the  jjiece  to  a  uniform 
thickness.  To  avoid  the  necessity  for  much  hand  work  in  accom- 
plishing this  result,  first  face  the  piece  on  the  hand  planer  so  as 
to  uiake  one  true  side,  and  then  run  it  through  a  surface  planer 
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similar  to  the  one  illostratcd  in  Fig.  102.  If  tht^y  can  be  afforded, 
both  of  theee  machines  (especially  the  hand  planer)  will  return 
large  profits  on  the  money  invested  in  them,  because  of  the  time 
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and  labor  saved  and  the  superior  quality  of  the  work  done. 

Among  the  many  labor-saving  tools  of  late  years,  there  is 
perhaps  none  more  popular  and  none  more  indispensable  in  a 


Fin.  Kti. 


pattern  shop  than  the  universal  wood  trimmer.  It  will  cut  imy 
end  or  angle  within  the  caiHicity  of  the  nmi:liine;  and  an  end 
which  would  take  from  ten  to  fifteen  minutes  to  square  and  true  up 
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correctly  by  hand  with  square  and  plane  or  chisel,  can  be  finishinl 
in  as  many  seconds  with  this  tool.  It  is  made  in  many  8iz(?s,  from 
the  small  bench  trimmer,  two  views  of  which  are  shown  in  Fig.  103, 
to  the  large  machine  illustrated  in  Fig.  104.  The  former  will  cut 
0  inches  wude  and  3  inches  high.  The  larger  machine  will  cut  20J 
inches  wide  and  to  a  height  of  7^  inches. 


Fig.  103— Front  View. 


Fip:.  103— R-ar  View. 

The  small  No.  0  machine,  shown  in  Fig.  103,  is  so  com- 
l)arativL'ly  inex^x^nsive,  and  the  time  it  will  save  so  great,  to  say 
nothing  of  the  quality  of  the  work  producin^l,  that  it  should  be  on 
the*  bench  of  ev(^ry  x^attem  maker.  These  machines  will  cut  the 
acute  angli^s  between  45°  and  90°,  and  the  obtuse  angles  between 
90°  and  135°. 
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METHODS  OF  MOULDING. 

As  has  already  been  said,  it  is  necc^ssary  that  the  patternmaker 
should  have  some  knowledge  of  moulding  in  order  that  he  may 
construct  his  patterns  so  that  thc^y  can  easily  be  removcni  from 
th(^  sand.  A  brief  descrij)tion  of  the  general  method  (»mployc^  will 
suflSce. 

Ordinarily,  a  c<isting  is  nuide  in  a  flask  consisting  of  two 
parts,  each  containing  its  comi)lement  of  sand.  The  upix.*r  jxirt  is 
called  the  cope,  and  the  lower  pirt  the  nowell  or  drag.  The 
patt(,»m  is  sometimes  made  in  two  pi(»ces  that  ^;^n'/!  along  the  line 
separating  the  coxxi  and  the  drag.  Thus  in  Fig.  105  thi»  jxitUTn 
separates  with  th(5  flask,  on  the  line  A  B;  and  when  so  s(*i)arat(»d, 
the  cop<»  is  turned  upside  down  and  th(i  ix)rtion  of  the  xmtteni  C  is 
lifted  out.    The  part  D  is  lifted  out  of  the  drag  in  the  same  way. 
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In  the  case  of  moulding  a  hollow  ohject,  the  internal  cavity  in 
the  casting  is  formed  by  means  of  a  dry  sand  core,  which  rests  in 
impresBions  made  in  the  sand  by  core  prints  attached  to,  and 
forming  a  part    of,   the   patteni. 
To  illustrate  this,  let  It  be  required 
to  cast  the  hollow  cylinder  shown 
in  Fig.  106.    The  wooden  pattern 
Fig.  105.  necessary  to  produce  this  hollow 

cylinder  is  shown  in  Fig,  107,  which,  as  will  be  seen,  represents 
the  cylinder  only  estemally  by  the  part  A, 

The  core  prints,  one  on  each  end  of  A,  are  represented  by  x 
and  y.  These  projections  form  part  of  the  pattern,  and  make  their 
impressions  in  the  sand  with  the  part  A,  which  alone  representa 


Fig.  106. 


Fig.  107. 


box  will  be  the  extreme  length  of  the  pattern  including  x  and  y, 
and  tho  inside  width  will  be  the  exact  diameter  of  the  core  prints. 
In  this  case,  tho  core  being  a  cylinder,  only  a  half  core  box  {Fig. 
108)  is  used.  In  it  are  made  two  semi-cylindrical  cores,  which, 
after  Ix'iug  dried,  are  cemented  together,  thus  forming  the  com- 
plete cylindrical  core  required. 

To  mould  this  halved  or  paiien  pattern  as  it  is  called,  the 
upper  half  of  tho  pattern  is  laid  on  the 
moulding  board,  and  the  drafj  is  turned 
over  it  with  the  bottom  side  of  the  drag 
up  and  the  ptirting  side  on  the  mould-  l 
ing  board,  as  shown  in  Fig.  109.     After  | 
being  "rammed  up,"  the  drag  and  mould-  Fig.  103. 

ing  board  are  turned  over  and  the  boanl  n-moved,  when  the  part- 
ing of  the  i»attemwill  bo  exjxwi-d,  the  half  pattern  being  imbecldod 
in  the  sand. 


PATTERN  MAKING 


57 


The  Becoud  half  of  the  pattern  is  now  placed  in  position  on 
the  first,  and  dry  parting  sand  is  spread  over  the  surface  of  the 
wet  or  "green"  sand;  the  cope  is  put  in  position  on  the  drag,  as 
shown  in  Fig.  110,  and  rammed  up.    Upon  the  cope  and  the  drag 


Pig.  110. 

being  separated,  the  sand  will  separate  on  the  line  to  which  the 
parting  sand  has  been  applied,  which,  as  will  be  seen,  is  the  line 
of  parting  of  the  cope  and  the  drag,  one  half  of  the  pattern  remain- 
ing in  each. 


Fig.  111. 

After  the  pattern  has  been  removed  (one  half  from  the  cope, 
ami  the  other  half  from  the  drag),  the  completed  dry  sand  core  is 
placed  in  the  moulds  made  by  the  core  prints  x  and  i/.     This  core 

B  is  shown  in  position 

in  Fig.  Ill  and  entirely 

fills   the    [Kirts    of    the 

mould  made  by  x  and  y, 

leaving    Ix'twiru    'tsrif  Fij,-.  112. 

and  tlir  surface  of  the  mould  uimIv  by  A,  room  fur  thi,-  ini'tiil  to 

he  poured  whirli  is  to  form  the  required  cylinder. 

In  moidding  thi'  above  cylinder  it  is  not  necessary  that  the 

pattern  should  be  parted  (made  in  two  halves)  as  shown  in  Fig. 
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107.  Patterns  for  small  work,  and  even  for  large  caetmge  are 
often  made  in  one  pieco,  as  shown  in  Fig.  112  To  mould  this 
eolid  jHittem  it  is  plac(?d  on  the  moulding  board  with  sufficient 


Fig.  113. 


Fig.  111. 


sand  to  keep  it  from  rolling,  and  the  drag  is  inverted  over  it  as 
before.  When  the  drag  has  been  rammed  up,  it  is  turned  over, 
and  will  then  present  the  apjwarance  shown  in  Fig.  113,  the  entire 
pattern  being  embedded  in  the 
sand.  The  sand  is  now  cut  away 
and  remove<:l,a8  shown  in  Pig,  114, 
down  to  the  center  line  of  the 
pattern.  The  cut  sand  is  smoothed ; 
and,  afttT  dry  parting  sand  has 
been  applied  to  the  surface  of  tht 
wet  sand,  the  coiie  is  placed  in 
Pig.  115.  i»aition  and  rammed  up  as  usual, 

Uix)n  tlu'  copc^  being  removed,  the  sand  wCl  pjirt  along  the 
lines  d  e  and  '■  </,  leaving  one-half  of  the  entire  jwitti'm  exposed. 
Till-  piitteni  can  now  be  lifted  out,  the  core  i)laci.tl  in  ixjsition. 


-'>t^ 
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and  the  cojx'  rcturnoil  to  its  place  on  the  drag,  when  it  is  ready  for 
the  pouring,  us  in  Fig.  111. 

Another  example  of  a  one-piece  iKittern  is  the  small  brass  hand 
wheel  shown  in  Fig.  11.5.     The  pattern  for  this  wheel  is  plac-ed  on 
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the  moulding  boanl,  and  the  drag  invertpd  over  it  and  rammud  up. 
After  the  drag  has  btn^n  tamed  over,  the  saiid  is  cut  away  aud 
K'Uiovt'd,  not  ouly  down  to  the  center  of  the  rim,  but  also  to  the  cen- 
ter line  of  the  four  anns,  as  shown  by  the  dotted  lines  in  Fig.  116. 


FiR.  117. 
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All  cut  surfaces  of  the  sand  are  Buioothed,  |)artiug  sand  is  sprinkled 
over  the  parting  thos  made,  and  the  cope  is  placed  in  position  and 
rauimod  up.  When  the  cope  is  lifted  off,  tho  sand  will  part  half 
way  down  on  the  arms  and  rim,  allowing  the  pattern  to  be  taken 
out  with  ease. 

Still  another  example  in  which  a  single-piece  iwittem  can  be 
usitl,  is  shown  in  the  ]oumil 
box  cap  illustratx-d  in  Pig  117 
A  crosB-soction  of  thts  patt«  m 
through  two  of  the  bolt-holu  con, 
l)rints  in  shown  in  Fig.  118  The 
IKittem  is  iilaced  on  the  moulding 
board  in  the  inverte<l  dnig  uid  is 
rammed  up  as  usual.  Whm  tho  / 
drag  is  turned  over,  tht,  position 
of  the  i»ttem  in  the  sand  is  as 
shown  in  cross-section  in  Fig.  119. 
The  sand  that  may  have  entered 

the  eune  nf  e  is  lift^-d  out,  anil  the  niH-essary  ''ilnift''  is  given 
to  tho  siind  at  the  two  ends  of  the  opening  c  <l  e,  as  shown 
at «,  Pig.  120,  The  coix!  is  nest  placed  in  ix>sition,  and  when  this 
hastxH-n  rumme<i  up  and  lifted  off,  the  sand  lying  in  the  curve  cde 


Fig.  120. 
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will  be  lifted  with  it.  The  pattern  is  now  removed;  the  bolt-hole 
cores  are  placed  in  position;  and  the  cope  is  returned  to  its  place 
on  the  drag. 

In  this  case  the  core  prints  should  be  in  length  at  least  twice 
the  thickness  of  the  metal 
through  which  the  hole  is  to 
be  cast,  and  the  length  of 
the  cores  will  be  equal  to  the 
thickness  of  the  metal  plus 
the  length  of  the  prints. 

In  the  small  sheave  pully, 
Fig.  121,  we  have  an  example 
of  a  casting  the  construction 
of  the  pattern  for  which,  so  as  Fig.  121. 

to  make  it  easily  removable  from  the  sand,  may  give  some  trouble  to 
the  beginner.  The  pattern  is  shown  in  cross-section  in  Fig.  122,  and 
is  moulded  in  a  two-part  flask.  At  first  it  would  seem  impossible 
to  place  the  ixittem  in  the 
sand  so  that  either  half  could  be  ^nas^^^S 
removed  when  the  cope  and  drag 
are  sepiirated  on  the  parting  line  ^'       ' 

of  the  pattern.  This  is  readily  accomplished,  however,  as  follows: 
The  half  pattern  C  is  placed  in  the  inverted  drag,  with  the  pcirt- 
ing  downward  on  tlic^  moulding  board,  and  is  rammed  up  in  the  usual 
way.    After  the  drag  is  turned  over,  the  sand  is  cut  away  and 


Fig.  123. 

removed  to  th(i  cimter  of  the  rim  cnlge,  as  shown  in  Fig.  123.  The 
cut  is  carefully  smoothed,  and  imrting  sand  applicHl  to  the  cut 
surface.  The  part  A  of  the  imttcni  is  placed  in  ix)sition  on  C,  and 
is  ranmied  up  carefully,  the  sand  being  then  cut  away  to  the  center 
of  the  rim  edge  of  A.  Parting  sand  is  ai)pli(xl  to  the  new  surface, 
after  which  the  co^x)  is  placed  in  position  and  rammed  up. 
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When  the  cope  and  drag  have  been  separated,  the  npper  half  A 
of  the  pattern  is  taken  out,  and  the  cope  is  returned  to  its  place  on 
the  drag.  The  whole  flask  is  now  tnmed  over,  and  the  drag  lifted 
oti  the  cope,  when  the  ring  of  green  sand  Z,  Fig.  124,  will  rest  on 
the  cope  sand  and  the  part  C  of  the  pattern  is  taken  cat.  We  thus 
have  two  partings  of  the  sand  monld,  bat  only  one  parting  of  the 
Sask. 


Pig.  124. 

Many,  other  examples  might  be  given,  as  the  case  of  the 
common  two-flange  pulley,  which,  when  small,  is  often  moulded  in 
this  way. 


Fg  127 


It  is  fretjuently  the  case  that  parts  of  the-  ]);ittmi  will  over- 
haug  so  that  the  piittem  cannot  be  removed  from  the  sand  in  any 
direction,  even  if  parte4l.  In  such  cas<'S  the  overhaiigiiig  parts  arc 
fastemtl  Ifjoscly  to  the  main  ixirt  of  tlie  ijattcrn  by  wires  or  WKxlen 
pins.  An  exami»le  of  such  a  ca.sting  is  shown  in  the  slide.  Fig. 
125.  A  cross-section  of  the  p;ittern  for  this  slifhi  is  shown  in 
Fig.  12*),  in  which  the  two  overhanging  ixirts  are  held  in  iiosi- 
tion  by  the  use  of  pins.    Aft^r  being  rammed  up,  the  ^Jiirt  A  is 
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removed,  leaving  the  parts  b  and  e  still  in  their  positions  in  the 
sand,  as  in  Fig.  127.  These  may  now  bs  carefully  moved  toward 
the  center  of  the  opeuing  and  lifted  out 

[u  Bomc  cases   there  is 


[ 


Fig.  128. 


not  sufficient  room,  when  the 
main  part  of  the  pattern  has 
been  taken  from  the  mould,  to 
remove  the  projecting  pieces. 
In  euch  cases,  the  overhang, 
ing  pieces  or  projections  must 
be  made  by  using  dry  sand 
cores.  To  illustrate  this,  we 
shall  consider  the  pattern  for 
the  small  cast-iron  turbine 
case  illustrated  in  Figs.  128 
and  129,  A  section  view  of 
the  casting  through  A  B  (Fig, 
129)  is  given  in  Fig.  130. 

The  pattern  is  parted  on  the 
line  C  D  and  will  form  its  own 
core.  The  boss  a,  however, 
will  prevent  the  main  part  of 

the  iNitt'.Tii  from  bfing  removed  from  the  sand,  and  if  a  were  made 

loose  it  could  not  be  takun  out  through  the  narrow  siiiice  made  by 

the  thin  side  of  the  pjitteni. 

To  overcome  this  difficulty  it 

core  print  is  fittid  on  the  sid<\ 

extending   from   the  iDarting 

line  C  D  to  the  bottom  edge 

of  the  pijttem,  as  illustrated 

in  Figs.  i;!l  and  132;  and  in 

tlie  imi)ression  made  by  this 

core  print  a  dry  sniid  core, 

formed  in  the  core  box  shown 

in  Fig,  133,  is  placed.     It  will 

readily  be  seen  that  this  core  will,  in  connection  with  the  iKittern, 

form  .1  mould  which  will  giv(>  the  casting  reiiuired. 

Examples  in  "Methods  of  Moulding"  conld  be  multiplied 
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onlinary  patterns  so  that  they  can  easily  be  n^movtxl  fn>m  the 
sand  without  injnry  to  the  monkl. 

PATTERNS  FROM  DRAWINGS. 

As  already  explained,  the  pattern  maker  mnst  understand 
working  drawings  in  onlt-r  to  construct  patterns  from  them  dii\x*tly . 
These  drawings  are  usually  made  to  a  scale  much  U^ss  than  the 
actual  size  of  the  required  work,  and  always  n^pn^st^nt  the  com- 
pl«*ted  or  finished  machine  or  one  of  its  jiarts. 

Drawings  are  made  for  the  machine  shop  to  gnidi*  the  machinist 
in  cutting,  turning,  planing,  and  fitting  the  jvirts  given,  so  as  to 
produce  in  the  castings  the  shapes,  sizi»s,  and  ginieral  nHpiin^ments. 
of  the  articles  to  be  constructeil.  Ileiuv  there  is  less  liahilitv  for 
mistakes  after  the  castinirj''  reach  the  iiiaehiiiist,  as  he  has  lH»fori» 
him  not  only  the  dniwing  with  its  accurate  dimensions  to  work 
from,  but  also  the  castings  for  the  machine  or  its  jvirts,  fn>ni  all 
of  which  the  construction  and  uses  of  tht^se  several  jwirts  can 
easily  be  miderstood. 

On  the  other  hand,  the  pjittem  maker,  with  the  aid  of  the 
same  drawing,  must  imaonie  the  casting  Ix^fore  hinu  and  nnist 
build  something  in  wood  which  will  produce  that  casting  in  metal. 
This  pattern,  in  some  cases,  will  be  a  duplicate  of  the  reipuiiHi 
casting,  but.  more  often  it  has  only  a  general  n»semblanee  to  it. 
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with  core  prints  attached,  and  ia  external  only,  with  nothing  to 
show  the  internal  openings,  chanibere,  and  winding  passages  that 
mnst  be  provided  for  by  "coring."  The  core  boxes,  in  which  the 
cores  are  to  be  formed,  are  not  shown  in  the  drawings  furnished  to 
the  pattern  maker,  but  mnst  be  provided  by  him  in  correct  shapes 
and  sizes,  in  addition  to  the  pattern  itself  with  its  added  core  prints. 

In  baildiiig  a  pattern  the  workman,  as  before  stated,  must 
allow  for  shrinkage.    He  must  also  allow  for  draft  and  for  finish. 

Shrinkage.  The  ahrinkage  of  cast  iron  when  cooling  in  the 
moulds  is,  as  has  before  been  stated,  about  j^  inch  to  each  foot, 
and  the  manner  of  obtaining  the  exact  sizes  for  diffen-nt  parts  of 
the  pattern  has  been  explained  under  the  head  of  "Rules" 
(liage  38).  For  brass  or  bronze  castings  a  greater  allowance  must 
be  made,  averaging  -^g  inch  to  each  12  inches.  Shrinkage  rules  for 
brass  (-^  inch  to  the  foot)  can  be  obtained,  and  must  be  a8e<l  for 
all  patti'nis  made  from  brass. 

Draft.    After  shrinkage,  the  second  point  of  importance  in  a 

well-made  iti!(t('ni  is  draft.     By  this  term  is  meant  the  bevel  or 

taper  made  on  all  vertical  parts  of  the 

Vy|jg!!j!apa?r>n!gjW^-j     pattern  so  that  it  can  easily  be  lifted 

-;7r->^^^-^f^%W-^:-5     from    the  sand  without    injury   to  the 

:■    ;'  mould.     This  is   best  illustrated  as   in 

Fig.  134,  in  which  it  will  Ix'  seen  that 

'•;.-,i'\;f'  j  >  ^  ^  *'"'  dijinieter  of  a  pattern  at  a  were  to 

j.^'^k:!!         '.  ^1  ^**'  *'"'  same  as  that  at  J,  the  latter  j»int 

■itfljvv-j     .  .  would  dniji  over  the  whole  length  of  the 

.,. ,   ,.jj  sand  until  it  n-ached  the  former  ix>int. 

As  till'  sand  is  held  together  only  ver^- 

lightly,  this  dragging  would  lx>  likely  to  dislodge  some  of  the 

partich-a  and  make  it  lu-oessary  to  mend  the  mould.     In  onler  to 

avoid  this,  the  dijuneter  at  a  it  made  slightly  gn'ater  than  at  A,  so 

that  the  btnly  of  the  gland  is  tiipTing.  and  the  moment  it  is  start«><l 

out  the  whole  surface  from  «  to  i  is  clear  of  the  sand  and  can  be 

remo\-e(l  without  injur)'  thereto.     Tins  difference  in  the  diameters 

nt  a  and  A  is  ciilhtl  tlie  tfrirft  of  a  iKittcni.    The  amount  of  draft 

deiH'ndfl  uikju  th»^  length  of  the  juirt  that  is  to  Ih-  dr;iwn  out  of  the 

sand. 
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The  allowance  for  draft  varies  with  the  imttem,  and  is  often 
greater  or  h»6s  on  different  parts  of  the  same  pattern.  For  example, 
the  draft  on  the  outside  of  the  pjittem  of  a  pulley  rim  24  inches  n* 
diameter  and  6  inches  face,  should  be  J  inch  to  the  foot,  while  on 
the  inside  of  the  rim  and  on  the  hub  of  the  pully  it  should  be  in  the 
ratio  of  §  inch  to  the  foot.  The  reason  for  this  difference  is  that 
the  face  of  the  rim  is  often  turned  and  finished  straight^  and  for 
that  reason  the  least  possible  amount  of  draft  that  will  allow  of  the 
pattern  being  removed  from  the  sand  should  be  used;  while  on  the 
inside  of  the  rim  a  greater  amount  of  draft  strengthens  the 
metal  rim,  which  must  sustain  the  strain  and  pressure  of  the  belt. 
In  general  the  draft  should  be  from  J  inch  to  §  inch  for  each  12 
inches,  the  latter  amount  in  all  cases  where  the  removal  of  the 


Fig.  135. 

metal  thus  added  will  not  greatly  increase  the  expense  of  working 
the  casting.  To  obtain  any  required  amount  of  draft  correctly,  a 
draft  template,  kept  with  other  tools  and  templatt^s,  will  bti  found 
convenient  and  useful,  saving  much  time  when  changing  from  one 
ratio  of  draft  or  bevel  to  another.    It  is  made  as  follows: 

Take  any  straight-grained  boanl  14  inches  to  IG  inches  long 
and  124  inches  wide,  as  shown  in  Fig.  135.  Having  jointi»d  the 
edge  a  perfectly  straight,  draw  the  line  h  perpendicular  to  the  edge 
and  12  inches  long,  using  a  square  and  a  sharp-poinUnl  knife  (not  a 
scratch-awl  or  a  lead  pencil).  On  the  edge  a  carefully  measure  \ 
inch  on  each  side  of  h;  and  at  the  uppi^r  extremity,  with  the  same 
care,  measure  §  inch  on  each  side  of  h;  connect  the*  last  two  points 
thus  found  with  the  first  two  on  the  edg(?  a,  by  a  sharp  knife  line, 
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and  the  result  will  be  a  right  and  left  slanting  line,  having,  with 
reference  to  the  ixirpendicular,  a  slant  of  J  inch  to  a  foot.  These 
lines  should  each  be  marked  "J  inch,"  as  shown  in  the  drawing. 

Now  draw  a  second  perpendicular  ^,  at  a  distance  of  1^  inches 
or  2  inches  from  the  first.  On  the  edge  of  the  board  a,  again 
carefully  mark  oflF  J  inch  on  each  side;  at  the  other  extreme  mark 
off  -^  inch  on  each  side  of  c,  and  again  connect  the  latter  points  with 
the  former.  The  result  will  be  a  taper  of  -x^  inch  to  a  foot.  Again 
repeat  the  process,  making  the  taper  \  inch,  and  lastly  §  inch,  to  a 
foot.  Mark  the  pairs  of  right  and  left-hand  taixjrs  resjDectively  J 
inch,  1^  inch,  J  inch,  §  inch,  as  shown.  These  lines  having  been 
obtained  ix»rmanently,  the  width  of  the  board  may  be  cut  down 
from  12J  inches  to  (5  inches  (as  shown  by  the  dotted  line  A  B),  and 
the  board  then  sheUaced. 

To  use  this  tonixJate,  jJace  the  bevel  against  the  edge  a  of  tlie 
board,  and  carefully  adjust  the  blade  to  the  J  inch,  t^  inch,  or 
other  draft,  right  or  left  as  may  be  required.  It  will  readily  be  seen 
that  whatever  may  be  the  width  of  the  surface  to  which  the  bevel 
is  applied,  the*  tniKT  or  draft  will  be  in  the  exact  proportion  of  the 
given  amount  for  (»ach  12  inches. 

Finish.  The  term  -finish^  in  pattern  making,  refers  to  the 
additional  amount,  after  shrinkage  and  draft,  which  must  be  added 
to  the  pattern  in  placets  wluTe  the  casting  is  to  be  plant^l,  turned, 
chipped  and  filed,  or  ''fitted,"  in  tlu»  machine  shop.  The  amount 
that  is  to  be  so  added  is,  to  a  certain  extent,  though 
not  wholly,  inde^x^ndent  of  the  size  of  the  piece.  For  small 
articles  whose  lonjj^est  dimension  does  not  exceed  three  or  four 
feet,  an  addition  of  j^  inch  to  the  surface  to  Ix?  finisht^l  is  usually 
sufficient.  For  larger  dimensions  it  may  lx»  necessary  to  add  as 
much  as  \  inch  or  |^  inch,  but  very  rarely  more  than  this.  In 
making  this  allowance  it  is  also  well  to  bear  in  mind  the  tendency 
of  the  casting  to  warp  in  cooling.  Where  the  thickness  of  the  mt^t^il 
varies  to  any  great  extent,  there  is  a  greater  liability  to  warp  than 
if  a  uniform  thickness  prevails  throughout  the*  whole.  Hence,  in 
such  cases,  a  greater  allowance^  must  be  made  for  the  finishing. 

On  small  i)ieces  and  where  the  moulding  is  carefully  done  it 
may  bc^  ix)ssible  to  make  as  small  an  allowance  as-,V  inch,  but  as  a 
gentTal  rule  sufficient  nu»tal  should  b(»  put  uix)n  th(^  casting  to  allow 
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tli»>  cutting  tool  of  the  finishing  Diaohine  to  c\it  well  Ix'low  tho 
>iirf;ici'  so  that  it  shall  not  become  dulled  by  the  sand  and  hard 
si-ale  on  tilt'  outside. 

A  pjitteru  for  the  plain  cast-iron  bar  illustnitt'd  in  Fig.  1.36 
will  iitTord  a  good  example  of  the  allowance  necessary  for  finish 
!ind  for  dnift.  This  bar  is  to  be  finiehed  all  over,  the  finished 
sizfs  being  36  inches  long,  1  inch  wide,  and  1  inch  thick. 


A  slender' bar  of  this  length  is  liable  to  warp  or  bend  when 

cooling  in  the  monld,  and  for  this  reason  the  bar  should  have  ou  al- 

lowanceof  atleaftt  J  inch  all  over  for  finish,  thus  requiring  a  ixtttcni 

36J  inches  long,  1^  inches  wide,  and  1  \  inches 

r^--*i*£r'  '*^,  thick.    Moreover,  to  enable  the  moulder  to 

remove  the  pattern  from   the  sand  without 

injury  to  the  mould,  we  must  add  on  two  of 

j  vl»    the  opposite  sides  a  draft  of  about  \  inch  to 

the  foot,  making  a  cross-section  througli  the 

nl  dimensions  as  shown 


pattern  of  the  sli 

in  Fig.  lo7. 
When  acciini 

36  inches  X  1  in'li 
pi-Moni  finished),  they  are  often  moulded 
IMirtly  in  the  coi*  and  iKirtly  in  the 
drag,  a^  shown  in  Fig.  138,  tlie  jMirting 
U-iiig  Oh  the  lino  a  h.  In  this  i>osItiou 
tin-  inclination  of  the  sides  of  the  ynU 
ti-ni  in  th»(  mould  is  so  great  that  no 
draft    is   required,   the    pitteni    being  ^8  ^^ 

simply  a  square  bar  of  wood  of  dimensions  of  S(!  jndu  s    X 
X   1  iii'-h,  nieasun-d  with  the  shrinkage  rule. 


wiuirhI  in  testing  l«irs 
1   ineli   (whieli  are 
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PART  II. 


SIMPLE  PATTERNS. 

The  simplest  patterns  are  those  which  are  made  in  one  piece, 
and  which  require  no  coring,  although  the  castings  themselves  may 
be  hollow. 

The  first  thing  which  the  pattern  maker  should  decide  in  com- 
mencing a  pattern,  is  the  way  in  which  it  is  to  be  removed  from 
the  sand,  and  where  the  parting  line,  if  there  is  one,  should  be. 
As  an  example  of  a  simple  pattern  of  one  piece  made  without  a 
dry-siind  core,  the  stuffing-box  gland  (shown  in  Fig.  134,  Part  I) 
is  a  good  illustration.    It  is  readily  seen  that  if  the  pattern  of  such 
a  gland,  were  to  be  imbedded  in  sand,  as  shown,  there  is  no  reason 
why  it  could  not  be  lifted  out  without  disturbing  any  of  the  sur- 
rounding or  the  internal  sand.    The  drawing  represents  the  i>attern 
with  iJi*nft  and  finish  added,  the  finished  gland  being  shown  by 
the  dottcxl  lines. 

In  every  pattern  of  this  kind,  forming  its  own  core,  it  is  neces- 
sary' to  allow  double  draft  on  the  inside,  so  that  the  i)attern  may  be 
rai)ixil  and  removed  without  injury  to  the  greon-sand  cori%  which 
at  bt'st  is  not  very  stable,  and  which  should  be  used  only  when  the 
ijcland  or  other  hollow  casting  is  of  such  size  as  to  give  a  large  and 
stable  core. 

Except  in  a  few  si)ecial  cases,  it  is  much  better  to  put  core 
prints  on  the  ends  of  the  pattern  and  use  a  dry-sand  core  in  i)lace 
of  the  green-sand  core  illustrati*d  above,  thus  avoiding  the  unnee- 
t'ssary  waste  of  metal  add(*d  by  the  double  draft  on  the  inside  of 
the  casting,  and  the  exi^ense  and  labor  of  removing  it  in  the 
machine  sliop. 

In  order  to  give  a  better  understanding  of  the  methods  em- 
ploy(M^l  in  Pattern  Making,  the  object  itself  will  b(i  lllustratc«d;  and 
wlien  it  is  to  bo  finished,  the  finished  dimensions  only  will  bi^  given. 
If  the  object  is  not  to  be  finished,  the  sizes  of  the  completed  cast- 
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ings  will  be  shown.  These  dimenaions  will,  in  all  cases,  be  arbi- 
trary, and  can  be  changed  at  will,  if  for  any  reason  alteration  is 
necessary.  The  successive  steps  in  the  construction  of  the  pattern 
are  given  in  detail  so  that  the  stndent  may  fully  understand  the 
principles  involved. 

The  first  article  for  consideration  is  the  hrasa  hushing  flanged 
at  one  end,  illustrated  in  Fig.  139.  This  bushing  is  to  be  finished  all 
over,  and  as  the  casting  is  small,  -jV  inch  will  be  etifficient  for  out- 


Pig.  110. 
side  finish  and  the  same  for  turning  out  tin;  inside.    On  examining 
it  with  reganl  to  moulding,  we  find  that  if  niouldt-d  on  end  with 
the  flange  up  and  on  the  parting  line  of  the  flask  it  can  be  readily 
removed  from  the  mould. 

The  draft  in  this  case  should  be  J  inch  in  12  inches  or  a  little 
less;  and  each  core  print,  Ix^cause  iXw  i>attfm  is  very  short,  need 
not  be  more  than  |  inch  long.  Having  the  finished  siws  given 
(Fig.  13!t),  and  having  decided  on  the  aniomit  of  dnift  and  finish, 
the  pattern  will  be  as  a-presented  by  Fig.  140,  and  in  the  case  o£ 
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this  siaiple  iwtteni,  as  in  all  others,  a  full  size  drawing,  or  sketch, 
giving  all  the  dioiensioiiB  of  the  pattern,  should  be  made  by  the 
pattt.'m  maker  before  beginning  work  on  the  pattern.  This  is  good 
practict.',  and  if  carried  out  many  mistakes  and 
much  loss  of  time  will  be  avoided. 

The  lower  core  print  should  have  the  same 
proportion  of  draft  as  the  body  of  the  pattern, 
but  the  up[x?r  core  print  is  given  the  excessive 
draft  of  ^  inch  to  its  length  so  that  the  cope 
can  be  easily  lift<^d  off  and  returned  again  over 
the  tapering  end  of  the  dry-sand  core  without  injury  to  the  mould; 
the  parting  of  drag  and  cope  being  on  the  line  a  h.  This  pattern 
may  be  turned  from  a  solid  block  of  wood,  but  if  durability  is 
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Fig.  142. 


desired  the  block  should  bo  glued  up 
from  4  pieces  of  |.inch  pine,  care  being 
taken  to  reverse  the  annular  rings  or 
yearlv  growth  of  the  wood,  as  shown  in 
Fig.  141. 

Place  the  block  in  the  lathe  and 
with  the  gouge  turn  to  a  cylindrical  form 
of  slightly  greater  diiimctt-r  than  the 
largest  diameter  of  the  piitfem,  say  SA 
inch.  All  finishing  should  be  done  by 
the  use  of  scraping  tools.  For  the  body 
of  the  jjattem,  a  firuH-r  chisel  1  inch  wide 
is  a  good  tool,  but  the  cutting  e<lge  ninst  be  ground  and  sharpened 
slightly  roimding,  as  described  for  plane  irons ;  otherwise  the  corners 
of  the  tool  arc  liable  to  catch  and  form  grooves  on  tlie  surface. 

For  smoothing  and  finishing  the  ends  of  the  pattern  and 
Sangi',  a  diiimond-i»intc<l  scraping  tool,  Fig.  142,  is  preferred  to 
all  others.  The  core  box  for  this  iKittem  is  shown  in  Fig.  143, 
which  is  representative  of  the  half  b<^x  used  for  all  synimutrical 
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cores.  In  this  box,  two  semicircular  or  half  cores  are  made,  which, 
after  being  dried,  are  pasted  ti^ether,  forming  the  cylindrical  core 
required.  For  the  part  a  of  the  corebox,a  block  of  slightly  greater 
length  {\  inch  or  1  inch) 
is  first  i>lanetl  up  to  the 
exact  size.  A  center  line 
h.  Fig.  144,  is  drawn  with 
the  marking  gauge  par- 


allel to  one  of  the  edges, 
and  also  extends  across 
eacli  cud  of  the  block. 
From  this  center  line,  at  a  distance  of  \\  inch  on  each  side,  the 
lines  d  and  e  are  also  drawn.  Then  with  a  second  block,  or  strip 
of  wood  placed  against  the  face  oF  the  block  and  flush  with  tho 
end,  the  two  pieces  are  clamped 
together  in  the  bi'noh  vise,  as 
shown  in  Fig.  14.'i.  Now  with 
the  dividers  adjusted  to  \%  inch, 
describe  on  each  end  of  the  block 
the  semicircle  whicli  will  connect 
the  lines  <1  and  <■  on  the  ends  of  F'S- 1^5. 

tlio  block.  This  we(xl  may  be  n-moved  rapidly  with  n  gouge  and 
nialli't,  smoothed  with  a  round  phme  o£  i)roixT  size  and  curw, 
and  finished  by  sand  iMiper  rtilled  on  a  cylindrical  block  liaving 
a  diameter  vV  inch    less   tlian   the   width    of   the   require<l   bos. 


Another  uu'tho<l  frequently  usi-d  for  small  boxes,  is  to  work 
out  the  center  of  the  curve  with  a  rablH-t  phme,  forming  a  right- 
angled  opening,  as  shown  in  Fig.  IKJ,  tlie  remaining  w(xxl  bt-ing 
removed  with  the  round  plane  and  finished  with  the  cylinder  and 
sand  paix;r  as  before. 


PATTERN  MAKING 


As  tlio  work  progresses,  the  accuracy  of  the  curve  is  tested  by 
Dicauti  of  u  try  ti(iuure,  or  other  90°  tingle,  as  shown  in  Fig.  146a. 
Tht,'  tiii)en-(l  end  of  the  box  c  (Pig.  143)  ia  turned  from  a  block 


of  wood,  scri'wed  to  the  face 
[jlate  of  the  lathu  as  shown  in 
Fig.  147.  After  the  hole  is 
tiimt^tl  to  the  retinired  depth, 
\  inch,  and  to  the  required  size, 
1;  inches  on  the  outside,  and 
Ij;  inches  at  the  bottom,  it  is 
removwi  f r  jm  the  face  plate 
and  the  piece  c  is  cut  out,  as 


Pig.  U7. 


shown  by  the  dotted  lines  in  Fig.  147.  This  piece  e  ia  glued  and 
ii;iilLtl  to  the  end  of  n.  The  two  ends  of  the  box  are  now  given  a 
sliijht  draft.  ( J  inch  in  12  inches)  to  allow  the  half  core  to  leave  the 
U»s  tasily.  Tlio  end  strijis  d  and  d  (Fig.  143)  are  then  nailed  on 
and  the  box  is  complete. 

FINISHING   PATTERNS. 

Having  completefl  the  [jattem  and  its  core  box,  the  surface  of 
the  wood  must  bo  covere<l  with  some  material  which  will  render  it 
hard,  smooth,  and  impGr\'ious  to  the  moisture  in  the  sand,  and  at 
the  same  time  make  it  easier  to  be  withdrawn  from  the  moold. 
Pure  grain-alcohol  shellac -varnish  is  the  best  for  this  purjKtse.  All 
cheap  substitutes,  such  as  wood-;ilcoliol  shellac,  or  coijal  varnishes 
should  be  avoided.  They  become  flaky  and  scale  off,  and  do  not 
hland  the  esixisure  and  moisture.  Pattern  makers  generally  make 
thi-ir  own  sliellac  varnish,  buying  only  the  best  quality  of  (sht-Ilac 
gum,  and  using  9-)  i»er  cent  proof  alcohol.  The  projjrfrtionft  an: 
three  ixjuiids  of  giun  to  one  gallon  of  alcohol.  The  gum  in  put  in 
a  wid-j-HiOuthL-d  bottle,  or  earthen  jar,  and  the  alcihol  \»mjf*\  over 
it.  and  if  well  stlrrtil  three  or  four  times  during  the  day  will  (if  th': 
alioliol  is  of  tlie  best,)  give  a  smooth,  clear, oraiig<;-«fJorry]  vaniinli 
ready  for  usi-. 

A  g(>xl  grade  of  "white  grain-alcohol  «h<-Ila';''  wwiy  l>;  rnfvlf: 
fn'm  bleached  ginn,  or  can  be  bought  from  the  <hiiU:n:.  hut  it  'Iri'-i; 
mure  slowly  an<l  does  not  produce  so  ban!  a  nurf;^'-  jc!  'K'r  'irungi; 
shellac. 
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As  the  alcohol  in  shellac- varnish  evaporates  very  rapidly,  the 
brush  should  be  kept  in  a  vessel  which  is  closed  and  air  tight.  A 
short  bottle  having  a  mouth  wide  enough  to  admit  the  brush 
is  best  for  this  purpose.  A  one-inch,  flat,  double-thickness,  fitch- 
hair  brush  is  good  for  general  work.  Do  not  use  a  cork,  but  turn 
a  wooden  cap  for  the  bottle,  such  as  is  shown  in  Fig.  148.    The 

shoulder  at  a  may  be  -^^  inch  to  \  inch 
long,  but  must  be  at  least  \  inch  less  in 
diameter  than  the  inside  of  the  mouth  of 
the  bottle.  Otherwise  the  shellac  will 
^*      '  cement  it  to  the  glass  so  that  it  cannot 

be  removed.  Its  only  object  is  to  keep  the  cap  nearly  central  on 
the  bottle.  The  handle  of  the  brush  must  be  tightly  fitted  into  a 
hole  through  the  center  of  the  cap  and  fastened  with  a  screw  or 
brad;  allowing  the  brush  to  reach  within  one-half  inch  of  the  bottom 
of  the  bottle.  Keep  the  bottle  one-third  to  one-half  full  of  shellac 
and  use  the  brush  with  the  cap  on  the  handle.  The  shellac  will 
make  a  tight  joint  between  the  bottle  and  the  cap,  and  if  the  proper 
amount  of  shellac  is  kept  in  the  bottle,  the  brush  will  always  remain 
soft. 

For  small  patterns,  such  as  the  bushing  described,  the  small 
quantity  of  shellac  needed  can  be  used  directly  from  the  bottle. 
For  large  work  howeviT,  an  earthem-ware  cup  or, mug  should  be 
used,  but  tlie  shellac  left  over  should  always  be  returned  to  the 
vessel  in  wliicli  it  is  kept. 

Shellac  varnish  should  never  be  kej^t  in  a  metallic  can  or  cup, 
as  the  oxidation  of  the  metal  will  discolor  the  varnish. 

^Taving  given  a  ixM'fectly  smooth  surface  to  the  pattern  and 
core  box  by  the  use  of  very  line  sand-pa [x^r,  (No.  0)  apply  the  first 
coat  of  shellac.  This  first  coat  will  raise  the  grain  and  roughen 
the  surface  of  the  wood,  which,  after  the  shellac  is  perfectly  dry, 
must  be  sand-i)aiX-Ted  a  second  time  until  smooth.  Now  apply  a 
second  coat.  Should  there  still  be;  roughness,  a  second  sand-paper- 
ing will  be  necessary.  At  least  three  coats  of  shellac  should  be 
used.  If  then?  is  much  end  wood  exi)osed  on  any  of  the  surfaces 
of  the  i)attern,  a  fourth  coat  may  be  necessary  on  tlu^se  i)arts. 

As  n^gards  the  color  in  wliich  patterns  are  finished  there  are 
diff(T(»nt  rules  in  diflferent  shops.     Thi»  general  rule,  however,  is  to 
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leave  all  patterns  for  brass  or  bronze,  in  the  natural  color  of  the 
wood,  and  shellac  the  core  prints  red.  If  the  pattern  is  intended  for 
moulding  cast  iron,  the  body  of  the  pattern  is  made  black  and  the 
core  prints  red.  The  parts  of  the  core  box  in  which  the  core  is 
to  be  formed  are  also  colored  red  and  the  outside  of  the  core 
box  black.  The  black  color  is  produced  by  mixing  lamp  black 
with  the  shellac  varnish,  and  the  red  color  by  mixing  vennil- 
lion  (Chinese  is  the  best)  with  the  shellac.  The  vermillion  is 
heavy  and  will  settle,  hence  it  must  be  stirred  or  well  shaken 
before  using.  The  best  method  is  to  first  use  two  coats  of  the 
natural  colored  shellac  (orange  or  white)  on  all  surfaces  of  the  pat- 
tern, core  i^rints  and  core  box,  then  apply  the  black  or  red  for  the 
last  coat  only. 

As  the  pattern  already  described  is  for  a  brass  bushing,  the 
body  should  be  left  the  natural  color  of  the  pine,  and  the  core 
prints  on  the  pattern  and  the  inside  of  the  core  box  colored  red. 

The  outside  of  the  core  box  may  be  left  the  natural  color  or 
made  black,  as  preferred.  The  outside  of  the  core  box,  having  no 
part  in  the  formation  of  the  core,  is  not  necessarily  so  well  and 
smoothly  finished  as  the  inside. 

All  nail  holes  or  any  defects  in  the  wood  should  bo  filled  with 
beeswax  applied  with  the  warm  blade  of  a  knife,  or  narrow  chisel, 
warmed  by  holding  in  hot  water.  The  beeswax  should  always  be 
used  after  the  first  coat  of  shellac  has  been  applied,  as  it  will  then 
hold  better.  The  sand-papering  of  the  pattern,  after  the  first  coat, 
will  smooth  the  wax  and  bring  it  even  with  the  surface  of  the  wood 
The  time  required  for  a  coat  of  shellac  to  dry  is  from  eight  to 
twc»lve  hours,  depending  uj^on  how  heavily  it  may  have  been  ap- 
plied, even  though  to  the  touch  the  surface  may  seem  dry  in  one 
or  two  hours. 

If  a  hard,  durable  surface  is  required  on  the  pattern,  twelve, 
or  better,  twenty -four  hours  must  bo  given  between  each  coat.  The 
roughness  will  then  sand-jxiix^r  off  as  a  dry  powder  without  gum- 
ming the  sand-i)aix»r,  and  leave  a  hard,  smooth  surfac(i  for  the  suc- 
ceeding coat  of  shellac. 

The  second  casting  to  which  attention  is  called,  is  the  brass 
hearing  reijresented  in  Fig.  149,  which  is  to  be  finisluMi  all  over. 
On  examining  the  drawing,  first  with  regard  to  removing  the  pat- 
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turn  from  the  sand,  we  find  that  it  must  bo  moulded  on  its  side, 
and  that  the  moulder  may  not  lose  time  in  cutting  away  the  saiid 
(sec  Figs.  113  and  114,  Part  I)  the  pattern  must  be  parted,  or  made 
ill  two  halves, 

For  finish  on  this  small  pattern  -jV  inch  will  be  sufficient,  and 
draft  will  bo  roquired  only  on  the  ends  of  the  pattern,  and  on  the 
ends  of  the  core  iirints,  which  in  this  case,  should  be  not  less  than 
1  inch  long.  This  is  necessary,  bocauso  the  core-print  moulds  must 
sustain  the  weight  of  the  dry-sand  core. 
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Fig.  110. 
The  palterii  for  this  . 


Fig.  IjO. 
ciistiiig  is  represented  by  Fig.  luO,  in 
whi<-h  it  is  seen  that,  iiiilike  Fig.  1-10,  tlte  body  aiid  con;  prints  are 
l)erfi'ofly  etritight,  ii  sliglit  dnift  -^g  inch  to  12  incites  being  given 
to  the  ends  of  thi;  imtli'rn  and  to  the  ends  of  the  core  prints  only. 
A  slight  cur\e  of  -i'.f  inch  radius  should  also  \yi  made  at  the  iiiter- 
si'ction  of  the  body  of  the  pittern,  and  the  inside  of  the  flange 
at  «,  (,. 

The  wcxxl  iu  Ix^ing  preiJiiri-d  for  this  imtteni  should  be  cut  2^ 
inches  longer  than  the  finished  pattern.     The  dimensions  of  the 
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two  \ialTe8  would  each  be  1 J  X  3|  X  8|  inches.  Hiiving  fitted  the 
two  msidt.-s  accurately  together  and  dressed  one  edge  of  each 
stniight  and  at  right  angles  to  its  face  side,  with  the  marking 
gHOge,  draw  a  center  line  on  each,  not  only  on  the  face  but  also 
across  each  of  the  two  ends.  Fig.  151.  Across 
the  center  of  each  piece  draw,  with  a  sharp- 
pointed  knife  and  try  sqnare,  a  second  line  at 
right  angles  to  the  first  and  at  equal  distances 
from  each  end  of  the  block.  With  dividers 
atljustcd  to  1§  inches,  place  one  leg  at  the  inter- 
section of  the  two  lines,  and  on  the  gauge  line 
mark  two  dots,  each  1^  inches  from  the  center  Fig.  151. 
line.  These  dots  arc  the  centers  for  the  dowels  which  aro  to 
connect  the  two  halves  of  the  pattern  after  it  is  finished.  Bore 
the  holes  in  each  pie<»  J  inch  deep  with  a  iV  inch  auger  bit, 
and  cut  the  dowel  pins  only  |  inch  long,  gluing  them  into 
the  holes  of  one  piece  and  giving  a  projection  of  J  inch  to 
fit  in  the  holes  of  the  second  half  of  the  pattern.  Although  the 
dowels  are  glnod  into  the  first  half  they  must  fit  easily,  but  not 
loosely,  in  the  second,  and  should  be  rounded  on  the  ends  or  made 
cone  shaped,  as  in  Pig.  152. 

Hii%'ing  fitttd  and  prepared  the  two  blocks  with   their  dowel 
pins,  carL'fiilly  glue  them  together  using  only  a  narrow  strip  of 
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Fig.  153. 

glue  ^  inch  wide  on  each  end  of  the  block  and  clamping  tlie  two 
together  with  a  hand  screw  on  each  end.  When  the  pressure  of 
the  hand  screw  is  applied,  the  glue  will  spread  inward  to  ^  inch 
or  I  inch.  Great  care  must  be  taken  not  to  use  too  great  a  nuiintity 
of  gine,  or  it  will  spread  in  far  enoi^h  to  bind  the  two  hiilvfs  of 
the  i>altem  leather  so  that  they  cannot  be  seimrated  when  turned 
and  finished.     The  blocks  should  remain  in  the  liand  screws,  after 
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being  glued,  from  four  to  six  hours,  depending  on  the  temperature 
of  the  room  in  which  the  gluing  is  done.  Our  pattern  block  is 
now  ready  for  the  lathe  and  will  be  as  represented  in  Fig.  153, 
which  is  a  longitudinal  section  through  t]ie  dowel  pins. 

When  centering  for  the  lathe  centers,  great  care  must  be  taken 
to  mark  the  centers  exactly  at  the  intersection  of  the  center-gauge 
lines  on  the  ends  of  the  blocks  and  the  glued  joint  of  the  two 
pieces.  The  hard  glue  will  force  the  lathe  center  to  one  side  of  the 
connecting  joint  unless  a  center  dot  or  hole  is  first  made  with  an 
awl  in  the  exact  ix)sition  required.  As  in  the  case  of  the  pattern 
in  Fig.  140,  the  block  is  roughly  turned  to  dimensions,  all  of  which 
are  a  little  larger  than  the  finished  xmttern,  by  using  the  ordinary 
turners'  gouges,  but  the  final  turning  and  finishing  to  exact  sizes 
must  in  all  cases  be  made  with  scrai)ing  tools,  as  described  for  the 
pattern  of  the  Irass  lushing. 

When  marking  off  the  pattern  on  the  rounded  cylinder  in  the 
lathe,  care  must  be  taken  to  lociite  the  imttem  in  the  exact  center 
of  the  block,  so  that  the  dowel  pins  may  be  equally  distant  from 

each  end  and  from  the  center  of  the 
pattern.  Fig.  154  shows  the  pattern 
as  ready  to  be  taken  from  the  lathe. 
The  core  i^rint  ends  should  be  cut  down 
to  I  inch  at  each  end,  and  finally  cut  ofiF 
with  a  saw,  and  the  ends  finished  with  file  and  sand  paper  after  remov- 
ing from  the  lathe,  when,  as  will  be  seen,  the  glued  end  having 
bi*en  cut  off,  the  two  halves  of  the  imttern  will  seimrate  clean  and 
free  from  glue,  and  the  dow(*l  pins  will  always  bring  them  into 
accurate  alignment  when  used  by  the  moulder  in  the  foundry. 
Before  removing  the  tununl  2)attem  from  the  lathe,  it  should 
be  snioothtKl  and  finislied  with  sand  i^ai^^r,  but  care  must  be 
taken  not  to  allow  the  sand  iiajx^r  to  come  in  contact  with  the 
sharp  corners  and  angles  of  the  i)attern,  or  they  will  be  romided 
oft*  and  the  work  ruined.  For  pine,  only  the  finest  l^ajper.  No.  \ 
and  No.  0  should  be  used  on  lathe  work,  and  the  paper  must  not 
be  held  in  ouo  iX)sition  on  the  revolving  work  but  must  be  kept 
moving  laterally,  that  is,  from  side  to  side,  to  avoid  cutting  depres- 
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c ]():::;>  in  the  surface. 
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When  the  scraping  tools  are  kej^t  sharp  so  that  they  will  cut 

freely  and  without  pressure,  a  light  touch  of  sand  paper  only  will 

be  required. 

In  the  construction  of  this  pattern,  it  may  be  made  of  two 

blocks  of  IJ-inch  stock  as  described;  but  the  tendency  of  the  two 

halves  will  be  to  become  rounding  on  the 

parting  line  as  shown  by  the  dotted  lines 

c  d  and  e  f,  Fig.  155.    This  is  caused  by 

the    removal    of    considerable     wood    in 

the    process    of    turning,    at    the    angles 

a  a  a  a   thus  exposing    fresh    surfaces 

which    are     farther     removed    from     the 

original  surfaces   of  the    plank,  than   the   surfaces  on   the   line 

of  parting.    The  exposure   of   these  deep,   inside   fibers  of   the 

wood  will  cause  a  shrinkage  of  the  pores  and  draw  the  pattern  more 

or  less,  according  to  the  position 
of  the  annular  growths,  and  also 
to  the  more  or  less  thorough  sea- 
soning of  the  wood,  in  the  direc- 
tion indicated.  If  the  pattern  is 
intended  for  temporary  use  only, 

it  may  be  constructed  as  above,  but  if  durability  and  permanence 

of  shape  are  required,  the  two  blocks  should  each  be  glued  up  out 

of  thinner  stock  with  the  annular  growths  carefully  reversed,  as 


OR    ^ 


GOOD 


BETTER 


Fig.  156. 


Fig.  157. 

shown  in  Fig.  156.  This  is  done  not  only  because  thin  plank  is 
more  evenly  and  better  seasonal,  but  because  in  gluing,  the  ten- 
dency of  the  pieces  to  warp  or  spring  is  counteracted  each  by  the 
other,  and  in  addition  the  gluing  of  several  thin  pieces  together 
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stiffens  and  makes  the  resulting  piece  much  firmer  and  stronger 
than  a  large  block  or  piece  of  the  same  size  obtained  without 
gluing. 

The  core  for  this  pattern,  being  straight  from  end  to  end,  and 
cylindrical,  only  a  half  core  box  is  required,  as  shown  in  Fig.  157. 
After  being  laid  off  and  worked  out  in  the  same  manner  as  de- 
scribed for  the  core  box.  Figs.  143  and  144,  cut  the  ends  of  a  with 
draft  of  \  inch  in  12  inches,  and  glue  and  nail  on  the  ends  c  and  e, 
which  may  be  |  inch  to  \  inch  in  thickness. 

Shellac  and  finish  as  described  for  pattern,  Fig.  140,  giving 
first  two  coats  of  orange  or  white  shellac,  and  for  the  last  coat  on 
core  i)rints  of  the  pattern  and  the  inside  of  the  core  box  a  use  the 
red,  the  body  of  the  pjittem  being  left  natural  color  (with  three 
coats)  and  the  outside  of  the  core  box  either  natural  or'  black. 

GLUING. 

As  the  use  of  glue  enters  largely  into  the  construction  of  all 
ixittenis,  some  instruction  as  to  its  selection  and  the  manner  of 
using  will  be  necessary.  When  building  uj)  patterns,  the  connec- 
tions should  in  all  cases  be  made  by  gluing.  Nails  should  never 
be  used  except  when  they  can  be  so  placed  as  to  be  entirely  removed 
from  all  diuiger  of  contact  with  the  tools  used  in  turning  and  shap- 
ing the  x)attern,  and  when  so  employed  should  be  us(hI  in  conjunc- 
tion with  glue.  The  only  advant^ige  in  their  use  is  the  hastening 
of  the  work,  because  tliey  take  the  place  of  hand  screws  or  clamj^s 
while  the  glue  is  drying. 

The  use  of  nails,  however,  is  always  imsatisfactory,  for  whiai 
tlie  ix)int  is  x^cissing  through  the  ux)pt^r  piece,  small  thin  slivers  are 
broken  from  the  under  surface,  which  have  a  tendency  to  sepanitt? 
tlui  two  surfac(»s  instead  of  exerting  the  required  pressure  as  when 
hand  sen»ws  are  usi'd. 

For  x)attern  work  sel(»ct  only  the  very  Ix^st  quality  of  cabinet- 
makers' glue,  or  better  still,  the  best  quality  of  white  glue.  This 
white  glue  can  always  be  had  in  two  forms,  first,  white  glue,  clear^ 
and  SiH'ond,  white  glue  opaque.  The  first  is  the  glue  without  the 
addition  of  any  foreign  substance.  The  second  looks  much  whiter 
than  tli(»  first,  Ix^cause  of  the  addition  of  whiting,  or  other  mineral, 
to  llie  glu(^     This   addition   doc^s    not    in    any    way    less(*n   the 
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adhesive  qualities  of  the  glue;  on  tlie  other  hand,  it  sets  more 
readily  and  dries  more  quickly,  but  for  this  very  reason,  it  is  harder 
to  use  on  large  surfaces,  as  the  first  brushing  on  one  part  of  the 
work  will  begin  to  set  before  the  entire  surface  can  be  covered. 
For  all  small  or  moderate-sized  work,  however,  the  opaque,  white 
glue  is  to  be  preferred. 

Good  glue  will  keep  in  a  dry  room  of  any  temperature  for  an 
indefinite  length  of  time,  but  when  cooked  in  the  glue-pot  it 
deteriorates  very  rapidly.  Each  successive  reheating  and  boiling 
lessens  its  adhesive  qualities,  hence  it  should  always  be  used  fresh 
or  nearly  so.  A  greater  quantity  of  glue  than  is  likely  to  be  used 
in  two  or  three  days  should  not  be  cooked  at  one  time. 

The  cooking  and  preparing  must  be  done  in  the  regular  glue- 
pot,  made  for  the  purpose,  and  sold  in  all  hardware  stores.  No 
rule  can  be  given  for  the  relative  quantities  of  glue  and  water  to 
be  used.  Some  glues,  especially  the  cheajxjr  grades,  recjuire  much 
less  water  than  the  better  and  finer  qualities.  As  a  general  rule 
however,  pack  the  glue  firmly  in  the  ix)t  and  add  sufficient  cold 
water  to  cover  it.  Fill  the  outside  kettle  with  cold  water  and  boil 
until  thoroughly  cooked,  so  that  it  will  run  smooth  and  clear  from 
the  brush  or  paddle.  It  should  run  frec^ly  without  returning  and 
gathering  in  bunches  or  clots  at  the  end  of  the  i^addle,  but  must 
not  be  so  thin  as  to  be  weak  and  watery. 

If  the  glue  is  too  thick,  no  amount  of  pressure  will  bring  the 
two  glued  surfaces  in  close  contact,  and  if  too  thin  tliere  is  danger 
that  the  joint  will  not  hold.  Always  use  cold  water  for  cooking 
and  dissolving  fresh  glue.  Hot  or  boiling  watc»r  will  make  the  glue 
strifujy  and  will  require  a  much  longer  time  to  cook  to  an  even  and 
smooth  consistency.  Great  care  should  also  be  taken  to  keep  the 
outside  kettle,  which  surrounds  the  glue-ix)t  propter,  full  of  water. 
If  allowed  to  boil  dry  the  glue  in  the  inui^r  pot  will  be  scorchc^l, 
or  burned,  and  will  then  be  entirely  useless.  It  muf^t  then  be 
thrown  out,  the  pot  washed  or  boiled  out  clean,  and  fresh  glue  again 
cooked.  The  hot  water  in  the  outside  kettle  should  in  all  cases  Ix^ 
used  for  thinning  the  glue  to  the  Required  consistency.  Cold  water 
chills  the  glue  and  necessitates  reheating.  In  cold  wt»ath(T  the 
precaution  must  be  taken,  unless  the  r(K)ni  is  warm  and  entirely 
free  from  drafts,  to  heat  the  pieces  of  wood  before  applying  the 
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glue,  else  the  latter  may  be  chilled  and  fail  to  set.  The  time  re- 
quired for  well-made  joints  to  dry  so  that  the  hand-screws  can  be 
removed  is  from  four  to  six  hours. 

Sometimes  a  diflSculty  will  arise  in  the  case  of  large  surfaces 
on  thin  material.  When  the  glue  is  applietl  it  moist^^ns  and  exixuids 
the  surface  upon  which  it  is  placed,  causing  the  edges  to  curl  u^) 
and  pull  away  from  the  adjoining  piece  which  has  a  tendency  to 
move  in  the  opix)site  direction.  In  such  cases  never  moisten  the 
back  of  the  thin  pieces  with  water  from  the  outside  kettle,  as  is 
sometimes  directed,  but  work  quickly,  spreading  the  glue  rapidly 
and  then  place  between  two  thick,  stiff  pieces  of  board,  previously 
dresscnl  true,  prejmred  and  heated  for  the  purpose.  Use  as  many 
hand-screws  as  can  be  conveniently  placed  on  the  work,  and  allow 
it  to  remain  in  these  clami>s  imtil  all  moisture  from  the  glue  is 
absorbed  by  the  two  outside,  heated  boards.  Twenty-four,  or  better 
forty-eight,  hours  should  be  given  to  this  process  if  possible. 

All  such  gluing  of  thin  pieces  should  in  every  case  be  done 
first  and  allowcKl  to  dry  while  the  other  parts  of  the  pattt^m  are 
being  constructed.  Under  no  circmnstances  use  water  on  any  sur- 
face of  Si^asoncHl  wood.  The  reseasoning  or  drying  out  of  such 
water  will  invariably  distort,  curl,  and  warp  the  pieces  so  treated 
after  being  glued  together.  Even  the  water  contained  in  the  glue 
is  objectionable,  whil(^  unavoidable,  find  can  be  most  satisfactorily 
removed  only  as  directed  above. 

In  all  castas  whrre  €nid  wood  is  to  b(»  glued,  or  where  the  grain 
of  the  wood  runs  diaj^onally  to  the  plane  of  the  joint  so  as  ii>  pre- 
s(^nt  the  open  end  wmxl  X)ores  for  th<^  gln^N  this  (mkI  wood,  or  partially 
end  wood  joints,  should  be  first  ^''sized  ''  with  thin  glu(\  (glue  alx)ut 
half  the  thickness  of  that  used  for  gluing.)  and  allowed  to  dry. 
This  will  raise  the  grain  and  roughen  tlu*  surface  of  the  joint, 
which,  when  dry.  must  b(»  lightly  and  can^fnlly  scraped  off  with  a 
sharp  chisel,  whtMi  it  will  \w  found  that  the  o^K'n  jxires  of  the  wcxxl 
an^  filled  with  dried  glue.  Tlu^  joint  may  now  be  glutnl,  and  the 
glue  will  hold  as  in  ordinary  jointing. 

HAND  SCREWS. 

The  hand  screws,  illustrated  in  Fig.  SI,  (MitiT  so  largely  into 
all  gluing  for  pattern   work,  that  some  description  of  their  cou- 
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St  ruction  and  the  manner  of  using  is  necessary  here.  The  four 
|Kirts  of  each  hand  screw  consist  of  two  jaics  and  two  sphtdlea. 
When  using,  the  jaws  must  in  every  case  be  kept  jDarallel.  This 
is  (lone  by  the  adjustment  of  the  middle  or  central  spindle.  The 
cljiinping  is  in  all  crises  done  by  the  outside  or  end  spindle,  the 
middle  or  adjusting  spindle  serv^ing  as  a  fulcrum  for  the  jaws;  the 
leveragt*  and  pressure  being  obtained  by  the  end  spindle.  When 
clamping  broad  surfaces,  c^ire  must  be  taken  to  see  that  the  pressure 
of  tin*  jaws  on  the  work  being  glued  is  the  same  at  the  points  and 
at  thr  back  i>iirt  of  the  applied  ix)rtion  of  the  jaws. 

This  can  be  easily  changt^^l  at  will,  by  slightly  loosening  or 
tii^litening  the  middle  spindle,  which,  as  b<^fore  stated,  is  the 
jidj listing  spindle  and  fulcrum,  and  not  usc*d  for  clamping.  After 
adjusting  the  jaws  i)arallel  and  to  even  pressure  on  all  their  length 
fis  ai)plitil  to  the  work,  screw  up  and  tighten  the  end  spindle  to 
tht?  utmost  pressure  which  the  jaws  will  bear,  and  again  examine 
tlu'  clamp  and  the  work  to  see  .^^ 
if  the  jfiws  are  parallel  and  the 
pH'ssuri'  (n'en. 

If  not,  loosen  the  end  spindle 
and   readjust   the   middle   spindle 
by  oiK'uing  or  closing  as  the  case 
uiay  n-cinire.    To  ojK^n  and  close  the 
li;ind-s(T»*ws   for  larger  or  smaller 
^v<)^k.    (/(/    mtt    screw    or    unscrew 
ftnr   spindle   at   a    tim(\     Instead, 
'^n\)    the    handle    of    the    inhhlJi' 
spindle  in  tli<*  left  hnnd,  and  the  handle'of  the  end  spindle  in  the 
right  hand.    Hold  th(»  hand  screw  at  arms  length  and  whirl  it  from 
or  toward  you  as  may  bc»  needed  for  closing  or  o^x^ning  th<?  jaws 
In   this  way  the  sjjindles  will  each  be  kept  in   its  projxT  r«'Iativ(j 
lM)sition,  and  the  jaws  will,  at  all  distances,  remain  ixiralh-I. 


]  '161 
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BUILT   UP   PATTERNS. 

A  good  example  of  the  manner  in  which  j^ittt'rns  an-  builf  an'l 
i:lu«-<l  up  is  shown  in  the  construction  of  the  \iiiiU-ni  for  ih''  ';  inr-li 
sluavr  pulley  shown  in  Fig.  158. 
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The  groove  is  a  semicircle  1  inch  wide,  and  the  rim  containing 
the  groove  is  connected  with  the  hnh  by  a  solid  web  \  inch  in 
thickness,  and  having  four  or  six  holes,  each  1  inch  in  diauieter, 
this  web  taking  the  pl^ce  of  arms.  IE  there  is  to  be  no  finish  on 
the  sheave,  as  is  nsual,  the  only  allowance  to  be  made  on  the  pat- 
tern, which  must  he  parted,  will  be  for  shrinkage  and  tor  draft. 

A  cross-section  through  the  finished  pattern  for  this  casting  is 
shown  in  Pig.  lij'J. 

In  all  lai^i!  jiJittcnis  of  this  kind,  the  web  is  first  glued  up 


Fig.  i.-.a. 
in  sectors,  sis,  eight  or  more  in  number,  according  to  the  size  ot 
the  slieavu  (see  Fig.  100),  The  sectors  are  fittcil  by  hand  or  on  the 
trinmiiT,  tlie  ends  are  glue-sizcnl,  and  when  the  sizing  is  dry  the 
joints  are  carefully  scraixxl  smooth,  and  the  whole  gluitl  together. 
Aft<T  drying  for  four  or  five  hours,  it  is  saweil  to  a  circle  of  i-inch 
gn-aterdiametiT  than  the  finishinl  iwitteni,  imd  the  block  for  the 


Kin.  W 
S  glili'd  over  tile  center. 


Fig.  ICl. 


hub  is  gliii'd  over  tlie  center.  Six  segments  ti)  form  llie  outer  rim 
an.'  glued  around  on  the  outer  edge,  rare  Ix'ing  taken  to  hi'i'dk  jiii»tii 
as  shown  in  Fig.  H>1.  If  the  groove  is  to  bo  large,  the  sis  segments 
should  be  of  half  the  thickness  only,  and  a  second  set  of  segments 
of  like  tliickiKiss  ghnnl  over  the  first,  hi'enl'iiujjointx  not  only  with 
the  first  set,  but  also  with  sectors  of  the  web. 

In  other  words,  in  all  glued-u|)  rims,  no  two  joints  should  bo 
directly  over  each  other.     All  joints  must  be  so  broic/t  and  so  dis- 
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Fig.  162. 


tributttl  as  to  give  the  greatest  possible  strength  to  the  rim. 
In  the  present  case,  oar  pattern  is  so  email  that  it  is  only 
Bwessary  to  use  a  thin  board,  {  inch  in  thickness  for  each  half  of 
thewob.  After  sawing  to  6 J  inches  in  diameter,  J  inch  for  turn- 
ing, a  block  4  inch  in  thickness  is  ginod  on  the  center  of  each  to 
form  th<;  hub;  and  six  segments  IJ 
incht*  widu  and  J  inch  in  thickness, 
an.'  glnfd  around  on  the  outer  surface 
of  ciK-h  to  form  the  rim  and  groove,  , 
as  shown   in  Fig.  162. 

Care   must   be  taken  to  place  the  ^ 
segments    so    that    the    grain    of    the 
Web    will    be   crossed    by    two   of   the 
segments    as   shown   in   the    drawings. 

On  the  second  half  J  of  the  pattern,  a  thin  circular  block  J 
inch  in  thickness  is  glued  on  the  inside  opposite  to  the  hub  block, 
to  form  the  i>roJL'ction  (J  inch)  which  will  keep  the  two  halves  of 
the  pattern  in  alignment,  as  shown  in  the  cross- sectional  drawing 
in  Fig.  1-59.  Having  glui-d  up  the  stock  as  described,  and  as  shown 
in  Fig.  162,  the  outside  must  be  planed  to  a  level  surface,  or  so  that 
the  sis  segments  forming  the  rim  and  the  center  hub  block  will  bo 
in  the  same  plane. 

The  half  jxitteni  is  now  screwed  on  the  screw  chuck  of  the 
lathe  as  illustraled  in  Fig.  163,  and  the  inside,  or  thi;  parting  taco 
r,  is  turned  ])erfectly  straight  and  true.  The  edge 
is  tumeil  down  to  6  inches  in  diameter,  and  the 
quartered  circle  shown  by  the  dottwl  lines  is 
carefully  shajjed.  A  t(;mplate,  made  as  shown  at 
(/,  will  assist  greatly  at  this  stagi'  of  tin,'  work.  A 
recess  is  turnetl  at  the  center,  and  in  the  face  of 
ti,  Fig.  159,  IS  inches  in  diameter  and  J  inch 
dwp,  to  receive  the  corresi»nding  projection  on  tlie  half  pattern  b 
which  is  to  keep  the  two  halves  in  alignment. 

The  half  iKittern  ir,  is  now  removi'd  from  the  screw  chuck,  and 
Ihe  second  half  (^  is  screwed  on  and  turned  hi  the  same  manner 
eiwpt  that  the  central  projection  is  c^m-fully  turned  to  fit  in  the 
feaf^s  in  «. 

Before  removing  b  from  the  chuck,  test  by  tiying  the  second 
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half  a,  and  change  b  until  a  perfect  fit  is  obtained  between  the  two 
halves,  not  only  in  the  central  recess  and  projection,  bnt  also  in  the 
two  carves  which  form  the  semictrcnlar  groove  of  the  rim.  A 
cross-section  of  the  pattern  at  this  st^e  of  conjtmction  is  shown 
in  Fig.  164. 


Fig.  104. 


Fig.  165. 

A  disc  or  chuck  ot  wood  5|  inches  in  diameter  is  now  screwed 
to  the  iron  face-plate,  or  the  screw  chnck,  and  tnmed  off  true  on 
the  face  with  a  projection  ^  inch  high  which  V!:'-i  fit  into  the  recess 
in  the  middle  of  the  parting  face  of  a.  This  projection  will  center 
the  half  pattern  a  on  the  face  plate,  and  it  can  be  held  in  position 
by  two  or  four  short  woo<I  screws  driven  throngh  the  web  into  the 
wooden  chuck  as  shown  in  Fig.  165. 

Care  must  be  taken  to  place  the  screws  in  snch  a  position  that 
the  screw  holes  will  be  cut  or  bored  out  when  makii^  the  four  or 
six  openings  1  inch  in  diameter 


in  the  finished  web  of  the  pulley. 
The  screws  must  be  small  and 
slender  and  the  heads  well  coun- 
tersunk out  of  reach  of  tlie  turn- 
ing tools.  The  face  of  the  half 
pattern  is  now  turned  to  the  re- 
quired shape,  the  template  shown 
at  e  in  Fig.  105,  being  used  for  the 
purpose.  Having  finished  witli 
fine  sandpaper,  remove  the  half 
jKitteni,  and  turn  off  the  projec- 
tion on  the  centeT  of  the  wooden  chuck ;  turn  a  recess  instead  to  re- 
ceive the  projection  on  b, and  procitd  with  th is  second  half  as  with 
the  first.  If  the  wood  has  bt>en  well  seasoned,  iind  the  work  carefully 
done  a  perfect  0-inch  sheave  policy  pattern  will  be  obtained,  such 
as  is  shov/u  in  Fig.  159. 


Fig.  lC6a. 
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The  pattern  for  a  sheave  pnlley  has  been  explained  becanse  it 
embraces  6o  many  profitable  points  and  conditions,  not  only  in 
pluing  and  building  up,  bnt  especially  in  chucking  and  tiiming,  all 
o!  which  mnat  be  done  with  great  care  and  accnracy. 

The  1-inch  holes  in  the  web  are  bored  out  with  a  l-incb  center 
hit.  which,  when  well  sharpened,  will  not  split  or  splinter  the  thin 
webs  of  the  two  halves  of  the  pattern,  if  care  is  taken  to  reverse 
the  bore  from  the  opposite 
side  when  the  point  of  the 
ceuter  bit  comes  throngh. 
The  holes  shonld  be  given  a 

slightdraft  as  shown  in  Fig.  ,  ec■/^ 

l->9,  with  a  small  half-round  A  J  A  B 

cabinet  file.  When  very  large  Fig.  186b, 

sheave  pulleys,  having  arms,  are  to  be  made,  such  as  are  common 
for  power  transmissiou  by  rope  or  cable,  the  patterns  are  not  halved 
but  are  made  in  one  piece  and  the  groove  is  cored  around  the  rim. 
Snch  a  pattern  is  illustrated  in  Fig.  166a,  with  a  wide  core  print  o  e 
extending  entirely  around  the  periphery  of  the  pattern. 

A  segmental  core  box  is  made  for  one  sixth  or  one  eighth  the 


circnmference  of  the  wheel,  as  shi 


Fig.  167. 


Fig.  166  b,  and  here  again 
only  half  of  the  core  box  for 
a  full  core  is  needed.  When 
coring  the  rim  as  above,  the 
core  print  must  be  made  wide, 
at  least  two  to  three  times  the 
depth  of  the  groove,  so  that 
the  core  may  rest  firmly  and 
remain  in  position  without 
tilting  while  the  metal  is 
being  poured  into  the  mould.  . 


The  12.inch  hand  wheel.  Fig.  167,  with  five  arms  and  a  round 
rim  finished  to  1 J  inches  in  diameter,  will  also  serve  as  a  good  illus- 
tration of  pattern  construction.  On  the  rim  of  the  pattern,  i^-  inch 
over  all  its  surface  must  be  allowed  tor finis/i,  making  the  diameter 
of  the  rim  of  the  pattern  Ig  inches,  and  the  outside  diameter  of 
th^  pattern  12|  inches,  while  the  inside  diameter  of  the  rim  will 
Iw  ^I  inches. 
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The  rims  of  such  patterns  are  usually  turne<l  iu  two  )i.ih-es. 
A  wooden  cliuok.  in  this  case  a  plaiii  board  12-1  inches  in  diameter, 
and  f,  inch  to  1 J  inches  in  thickness,  is  screwed  to  the  iron  face-plate 
of  the  lathe,  and  turned  true  on  the  face  and  on  the  edge  to  12J  inches 
in  diameter.  Ten  blocks  2^  inches  long,  2  inches  wide,  and  3  inch 
in  thickness  are  glued  radially  at  e(jual  distances  around  the  face 
of  the  chuck  as  in  Fig,  IfiS,  These  blocks  are  turned  even  with 
the  edge  of  the  chuck  and  the  faces  are  also  turned  off  true  and 
straiglit  BO  is  to  form  a  joint  with  the  first  row  of  rim  segments. 

The  scgiDLnts  ttn  m  number  fi\«.  for  each  layer,  are  sawed 
from  a  ^-mch  board,  and  should  be  2  inches  wide. 


Five  of  f  h(.s(,  an.  carLfulh  fittLil  mil  ^luotl  tothofjiccof  the 
blix'ks.as  faliowu  bj  llu  doltid  Imi-.  in  tht  i  riwing;  and  wtion  the 
glue  is  <lrj  th*  <  luK  k  1-.  K  funnd  to  tin  1  itlK  md  the  face  of  tlio 
Kcgments  tuiiif<I  fl  it  iiidtiui  toimni  tliL  second  row,  which  is 
titt(.>dandgliud  to  the  hi  t 

Hinal!  hand  scn-ws  must  he  nsi'd,  three  on  each  segment,  to 
press  the  first  layer  to  the  blocks,  and  again  to  press  the  second 
layer  to  the  first.  Tlie  joints  of  the  second  layer  must  be  over  the 
middle  of  the  alternate  blocks  from  the  joints  of  the  first,  so  as  to 
break  joints  with  the  first.  Whim  the  gliu;  is  dry,  place  the  chuck 
in  llu'  Ijitlie,  and  turn  the  lialE  rim  tluis  constnicted  to  a  true  semi- 
j'iri'h'  with  an  ontside  diameter  of  l:*i  inches  and  an  inside  diameter 
oE  8^  inches,  using  a  semicircular  template  of  sheet  zinc  or  copiKT 
,to  test  by  wliili^  turning. 
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When  turned  and  sand-papered,  cut  from  the  block  of  the 
chnck  by  using  a  J-inch  parting  or  cutting-off  tool,  care  being  taken 
to  cut  close  to  the  segments  forming  the  half  rim.  Turn  olf  the 
face  of  the  blocks  on  the  chuck  true  and  straight  a  second  time, 
and  construct  and  turn  the  second  half  of  the  rim  in  the  same 
way  as  described  for  the  first ;  but  great  care  must  be  taken  to  make 
the  two  diameters,  outside  and  inside,  of  each  half  exactly  alike, 
otherwise  the  work  on  one  half  will  be  lost.  As  it  is  difficult  to 
hold  these  two  half  rims  for  planing  and  fitting  tc^ether,  a  concave 
and  semicircular  groove  turned  in  the  face  of  a  second  board,  or 
c'huck,  in  which  they  can  be  laid  while  being  planed  or  fitted,  will 
be  found  useful. 


FiR.  isn. 

In  all  rim  work  of  this  kind  the  circular  segments  should  be 
cut  lengthwise  with  the  gffiin  of  the  wood,  the  object  being  in  this 
constniction,  to  do  away,  as  much  as  possible,  with  all  end  wood. 

While  waiting  for  the  separate  layers  of  glued  segments  to 
dry,  the  arms  should  be  made  so  as  to  be  ready  for  the  two  half 
rims  when  completed. 

The  arms  in  this  case  should  be  made  g  inch  in  thickness  at 
the  hub  and  J  inch  in  thickness  where  they  enter  the  rim  of  the 
wheel.     The  construction  is  us  shown  in  Fig.  169. 

Five  pieces,  each  5^  inches  long,  2^  inches  wide,  and  g  inch  in 
thickness  are  necessary.  After  being  carefully  fitted  on  the  trim- 
mer,  a  saw  kerf  -fg  inch  deep  is  cut  in  each  joint  (n.  Fig.  V>9),  into 
which  a  thin  tongue  of  wood  is  inserted  and  glued,  the  tongues 
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serving  as  tenons  to  hold  the  anns  together.  After  fitting,  and 
Ix^fore  grooving  with  saw  kerf,  the  joints  mnst  be  glue-sized  and, 
when  dry,  carefully  scraped  smooth  with  a  sharp  chisel. 

The  grain  of  the  wood  in  the  tongues  must  run  at  right  angles 
to  or  crosswise  of  the  joint  to  iusure  the  greatest  strength. 

When  gluc»d  together  and-dry,  from  the  center  or  intersection 
of  the  five  pieces,  mark  with  dividers  set  to  a  radius  of  5^  inches, 
and  cut  oflf  the  ends  of  the  arms  so  that  they  will  project  each  half- 
way into  the  rim. 

From  the  same  center  describe  a  circle  3J^  inches  in  diameter, 
forming  the  web  of  the  arms;  and  from  this  3J-inch  circle,  taper  the 
arms  to  ^  inch  in  thickness  at  the  ends,  care  being  taken  to  jJane 
the  same  amount  from  each  side,  and  to  dress  the  arms  evenly  so 
that  they  will  revolve  in  the  same  plane.  This  being  done,  from 
the  coiiter  describe  arcs  on  the  outer  ends  of  the  arms,  with  a  radius 
of  4^  inches  (S^  inches  diameter,  which  is  J  inch  less  than  the 


lM<r.  ITO.  Fig.  171. 

insiili'  (liaiiu^tiT  of  tlu' riiu),  and  divide  the  imaginary  circle  thus 
foriiu'd  into  five  ccjiial  parts  with  the  dividers.  Draw  radii  from 
tlic  points  thus  obtained,  to  the  center.  These  radii  will  be  the 
central  lines  of  the  arms,  as  shown  by  the  dotted  lines  in  Fig.  1()9. 
On  eaeh  side  of  the  intersection  of  the  radii  and  outer  circle, 
measure  h  incli  to  the  right  and  left,  and  on  the  circle  denoting  the 
cireuniference  of  the  web,  mark  -}i  on  each  side  of  the  radii;  con- 
nect the  ixnnts  thus  obtained,  and  the  result  will  be  five  amis  1^ 
inelu's  wide  at  the  web  and  1  inch  wide  at  the  rim,  as  shown  in  the 
drawinii;.  Tlie  ends  of  the  anns  which  enter  the  rim  should  be,  in 
til  is  ease,  1;^  inches  wide,  and  the  sides  are  drawn  pirallel  to  the 
radius  wliieh  marks  the  center  of  each  arm.  The  curves  which 
connect  the  arms  at  the  hub  must  be  drawn  of  such  radius  as  to 
make  the  curve  tangent  to  the  circle  fonning  the  extremity  of  the 
wel),  and  also  tangent  to  the  sides  of  the  two  connected  arms  as 
shown  at  d.     The  small  circles  at  the  intersections  of  the  arms  with 
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the  rim,  must  be  tangent  to  the  edge  of  the  ami  and  to  the  circle 
(8|  inches  diameter)  which  marks  yV  inch  less  than  the  inside 
diameter  of  the  rim  as  shown  at  c  c. 

Having  laid  out  the  arms  as  above,  and  as  sliown  in  tlic?  draw- 
ing by  the  dotted  lines,  saw  them  to  sha^x)  and  round  the:n  up  to 
an  elliptical  form  as  shown  in  the  cross-section  at  e.  Fig.  1C9.  The 
finished  shape  of  the  arm  at  any  point  in  its  length,  is  fouiid  by 
drawing  a  cross-section  of  the  arm  at  that  ix)int,  as  in  Fig.  170. 

Divide  the  cross-section  equally  by  the  line  A  B;  measure  -jV 
inch;  as  at  a  c  df\  and  with  dividers  adjusted  so  as  to  be  tangent  to 
the  sides  of  the  cross-section  of  the  arm,  and  to  pass  through  a  c 
and  df,  draw  the  curves  ah  c  and  d  ef. 

After  filing  and  working  oflp  the  sides  of  the  arms  to  these 
curves,  the  angles  at  a  c  d  and  f  are  carefully  romided  with  sand 
paix^r,  care  being  taken  not  to  lessen  the  width  of  the  arm  at  any 
point.  The  result  will  be  as  shown  in  Fig.  171,  which  gives  a 
strong,  firm  edge  to  the  arm,  and  one  which  will  not  break  or  splin- 
ter off  while  being  rammed  up  in  the  sand. 

The  arms  thus  shaped  and  finished  anj  cut  or  let  \  inch  into  eacli 
half  of  the  rim,  and  great  care  must  be  tiikcn  to  keci)  them  central  with 
the  rim.  Before  marking  the  rim  for  the  mortises  which  will 
receive  the  ends  of  the  arms,  test  their 
lx>sitions  with  the  dividers,  sj^xicing  from 
the  ci»nter  of  the  arms  to  the  outside  edge 
of  the  rim,  and  moving  the  arms  until  a 
central  iK)sition  is  obtained;  after  which, 
with  the  ix)int  of  a  knife  or  awl,  scribe 
around  the  end  of  ea<*h  arm,  and  i^roceed  to 
cut,  with  a  chisel,  the  mortises  \  inch  dee^)  I'^'K-  !"-• 

into  each  of  the  half  rims,  and  so  cut  and  tit  that  the  two  x)ieces  of 
the  rim  may  meet  and  form  a  close  joint,  after  which  they  an*  glued 
and  clamped  together  over  the  arms  with  hand  screws. 

The  hubs  are  next  tunK^l,  each  from  a  solid  block,  or  better 
from  thin  irieces  \  inch  to  |  inch  in  thickness,  each  thin  piece  being 
X)laced  crosswise  on  the  other,  as  shown  in  Fig.  172.  The  hubs 
must  be  turned  with  a  draft  or  ta^x^r  of  J  i^i^'h  to  12  inches,  and 
have  a  curve  of  J-inch  radius  at  the  base  where  they  unite  with 
the  arms.     After  gluing  on  the  hubs,  smooth  off  all  connected  parts 
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of  rim,  arms,  and  hub,  and  liaisti  with  three  couts  of  shellac,  sand- 
papering Bmooth  between  each  coat,  as  already  described  for  other 
patterns. 

The  making  of  patterns  for  special  pulleys  enters  lai^ly  into 
the  work  of  many  [xittL-ra  shoi>s.  In  these  patterns  the  rims  are 
built  up  of  segments  |  inch  to  J  inch  in  thickness. 

To  illustrate  this  work  fully,  lot  us  take  up  the  successive  steps 
in  the  construction  of  a  comitershaft  pulley  W  inches  in  diameter 
and  of  tl-iuch  fact%  made  to  fit  a  shaft  IJ  inches  in  diameter. 
Th(i  pattL-rn  for  such  a  pulley  is  shown  in  Fig.  173.  The  diameter 
of  the  web  of  the  arms  is  5  inches,  and  the  diameter  of  the  hub  3J 
inches  at  each  end  and  tapering  to  3|  inches  in  diameter  at  the 
urnis. 


Tf  the  rim  is  to  hr  finished  on  the  face  and  wlges  only,  -jV  inch 
niiiHt  be  allowed  for  turning,  making  the  outside  diameter  of  the 
[Mittern  20^  inches,  ami  tlie  width  of  the  fare  should  b*^  fij  inches. 

In  addition  to  -,'-„-  itich  for  finish,  the  draft  on  the  outside  of  the 
rim,  from  (uich  cilgi?  to  the  center,  should  be  in  tlie  ratio  of  J  inch 
to  12  inches,  and  on  the  inside  of  the  rim  the  draft  must  Ixt  jj  inch 
to  12  inches. 

The  thickness  of  the  rim  at  its  Lilgos  will  be  T.i  inch,  and  with 
outside  and  inside  draft  addtnl,  its  thickness  at  the  arms  will  be 
about  -,\i  inch.  The  iiiMJde  diameter  of  tlie  rim  at  the  arms  will  be 
nearly  I'Jj^  inches.     This  pulley  sliould  have  six  straight  arms 
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]  inch  in  thickness  at  the  hub  and  ^  inch  in  thickness  at  the  rim. 

The  width  of  the  arms  at  the  web  should  be  1|  inches  and  at  the 

rim  l\  inches  exclnsive  of  the  connecting  cuires  at  web  and  rim. 

Six  pieces  10^  inches  long,  2|  inches  wide,  and  f  inch  in  thickness, 

must  be  carefully  fitted  as  shown  in  Fig.  174. 

After  fitting,  the  connecting  joints  are  glae  sized,  and  when 

dry  carefully  scraped  smooth  with  a  sharp  chisel,  and  a  saw  kerf 

iV  inch  deep  cut  in  each.     The  tongues  used  for  tenons  in  these 

kerfs  should  be  a  little 

lt«3  than  %  inch  long, 

the  grain  of  the  wood 

nmniug  always  at  right 

angk>s  to  the  line  of  the 

joint  to  give  thegreatest 

strength  to  the  tenons. 
The  sis  pieces  should 

be  glued  in  two  groups 

of    three  pieces  each; 

and  when  drj-,  these  two 

groui»s   can   easily   be 

rpfittfd.    if 

and  glued. 

The  nest  step  is  to  draw,  from  the  center  formed  by  the  inter- 
st-ctioii  of  the  six  pieces,  a  circle  iy  inches  in  diimicter,  representing 
thi-  web  of  the  arms,  and,  near  the  extremitiea  of  tho  pieces,  the 
arc3  of  a  circle  20|  inches  in  diiimetiT,  reprosentiiii?  \  inch  greatei 
diuroi'ter  than  the  outside  diameter  of  the  rim.  Carefidly  divide 
these  lust  arcs  into  sis  equal  spaces  with  the  dividers,  bringing 
the  i»oints  thus  obtained  as  nearly  to  the  middle  of  the  six  arms  as 
possible;  and  from  the  sis  points  thus  simcod,  draw  radial  lines  con- 
nicting  them  with  the  center  or  intersection  of  the  six  arms. 
Thes(.'  radial  lines  (shown  dotted  in  the  drawing)  will  be  the  center 
lijK-  of  each  ami. 

Saw  otf  the  ends  of  the  anns  on  the  above  20|-inch  arcs,  and 
from  the  center  again  draw  on  the  six  arm-pieces  a  third  cirele, 
wlnjse  diameter  fihould  be  at  least  i  inch  less  than  the  inside  diam- 
eter of  the  rim,  in  this  ease  19  inclies.  On  these  arcs  measure 
2  inch  on  each  side  of  the  center  Hue,  and  on  the  circle  represent- 
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ing  the  web,  measure  J  iiich  on  each  side;  connect  these  points 
from  web  to  ritn,  and  the  arms  will  be  IJ  inches  wide  at  web,  and 
1^  inches  at  the  rim. 

These  lines  are  shown  by  the  dotted  lines  in  Fig.  174.  The 
width  of  the  ends  of  the  arms  passing  through  the  rim  should  be 
about  2J  inches,  and  the  sides  drawn  parallel  with  the  center  line 
of  the  arm,  as  shown  for  hand-wheel  arms  in  Fig.  109.  The  radius 
of  the  circle  connecting  the  sides  of  the  arms  and  the  web,  must 
be  such  as  to  be  tangent  to  the  edges  of  the  two  connected  arms, 
and  also  tangent  to  the  circle  marking  the  diameter  of  the  web. 

The  smaller  curve  connecting  the  two  eilges  of  each  arm  with 
the  r*m  must  be  of  such  radius  as  to  be  tangent  to  the  arm  and  to 
the  19-inch  arcs  which  mark  the  inside  of  the  rim  (less  J  inch). 
All  these  lines  are  shown  dotted  in  Fig.  174.  The  arms  are  now 
ready  for  sawing  to  shaixi  on  the  band  or  scroll  saw,  care  being 
taken  to  saw  just  outside  of  the  lines  so  that  each  arm  may  retain 
its  full  size  and  width. 

After  sawing  to  sha|x%  the  edges  must  be  dressed  smooth  and 
free  from  all  irregularities  of  the  sawing. 

Next,  from  the  web  circle^  tajx^r  the  arms  to  g  inch  in  thickness 
at  the  extreme  ends,  care  being  t^iken  to  s(*e  that  the  tajxT  of  both 
sides  of  the  arms  is  uniform  from  the  web  circle  to  the  rim. 

The  shaix)  of  the  arms  should  be  ellipticnl  or  n(»arly  so,  and  a 
cross-section  at  any  i)oint  in  an  arm  may  Ix?  obtained  in  the  same 
nifinner  as  described  for  the  hand  wheel  shown  in  Figs.  170  and  171, 
and  th(i  methods  usi»d  for  shaping  and  finishing  are  the  same. 
For  building  the  rim,  a  wooden  chuck  2()J  inches  in  diam(»ter  will 
be  necessary. 

A  board  J  inch  in  thickm^ss  and  having  a  bar  8  inches  wide 
and  of  the  same  thickness,  wt»ll  screwed  to  the  back  with  wood 
screws  will  be  all  that  is  necessary  for  a  inilh^y  of  this  size.  To 
th(>  8-inch  bar,  the  iron  face-plate  of  the  lathe  is  screwed,  and  the 
whole  turned  off  true  in  the  lathe,  espi>cially  the  face  of  the  chuck 
to  which  th(*  first  layer  of  segments  is  to  bi*  gluin^l. 

Strii^s  of  heavy  paiK'r  are  oft(»n  glucxl  bi»tween  the  first  layer 
of  segments  and  the  face  of  the  chuck,  so  that  the  rim  and  the 
chuck  may  b(j  easily  sex^arateil  when  the  rim  is  turn(*d  and  finishcnl. 
The  pai>er  usmilly  BX)lits,  allowing  seimration  without  injury  to  the 
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described  for  the  hand-wheel  pattern.  The  projecting  ends  of  the 
arms  are  cut  off  and  shaped  to  form  a  part  of  the  outside  of  the 
rim.  The  internal  curves  of  the  arms  at  the  inside  of  the  rim  are 
also  filed  and  shaped  down  so  as  to  form  true  curves  without  cusps 
or  irregularities.  The  hub  is  next  glued  up  in  cross-layers  as 
described  in  Fig.  172,  turned  out,  and  glued  centrally  on  each  side 
of  the  arms. 

The  pulley  being  intended  for  a  l|-inch  shaft,  the  core  prints 
X  and  y,  Fig.  178,  should  be  1^  inches  in  diameter,  which  will  give 
§  inch  of  metal  for  boring  out  to  fit  the  shaft.  The  two  core  prints 
(Fig.  175)  should  be  turned  sejparatc  from  the  hubs,  and  loosely 

attached  with  a  pin  ^  inch 
in  diameter,  and  2  inch  long, 
into  each  half  hub,  so  that 
other  sizes  may  be  us(m1  for 
larger  or  smaller  shafts.  The 

two  half  hubs  are  often  made 

Fig.  175.  loose  so  that  tlu^y  may  be 

changed  for  larger  or  smaller  hubs  as  may  be  required  for  different 
8iz(?s  of  shafts.  In  such  cases  they  are  attached  centrally  to  the 
arms  as  described  for  the  core  prints. 

A  second  method  in  the  construction  of  such  six'cial  pulleys 
is  as  follows: 

The  half  rim  having  been  gluc*d  up  as  descrilxnl,  the  ///.v/VA- 
only  of  this  half  is  turned  to  the  n^quired  dimensions  and  draft, 
sand-papered,  and  finished,  the  width  of  the*  half  rim  being  made  in 
this  case  -nj-  inch  less  than  the  half  of  the  face  of  the  completed 
pattern.  The  arms  are  carefully  centered  and  glued  to  this  half 
rim;  and  tluj  intervening  si)aces  between  the  ends  of  the  arms  are 
filled  in  with  six  S(^gnients  1  ,\  inch  in  thickness,  which,  when  glued 
and  dry,  are  planed,  not  turned ^  true  and  even  with  tin*  surface  of 
the  arms. 

A  hiyer  of  segnu^nts  of  the  n^gular  thickness  is  fitted  and 
ghuKl  on  over  the  arms,  and  layer  after  layer  continued  initil  the 
full  width  of  the  face  of  the  pattern  is  reached,  thus  building  the* 
arms  directly  into  their  place  in  the  i)attern  as  tlu*  rim  is  gluc»d  up. 
In  turning  and  finishing,  care  must  be  taken  not  to  strike  the  arms 
with  thi'  tools  while  turning  out  the  inside  of  the  outer  half  of  the  rim. 
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This  method  will  be  fonml  ix^nvouient  for  all  pulleys  of  iiuxl- 
erate  width  of  face;  bat  as  the  spiuvs  K^twtvn  the  amis  i'suinot  K* 
tamed  oat,  gxeat  inconvenieuees  in  rvaohing  thi^si*  plaei^  will  K* 
found  when  the  face  of  the  pulley  is  twelve  or  more  inohi^  in 
width.    These  spaces  must  be  dressed  out  by  hand. 

The  instructions  ic^rding  the  construction  of  the  last  three 
patterns  should  be  studied  carefully,  because  the  genend  (K>ints 
iuTolved  enter  largely  into  the  construction  of  (nittems  of  all  kinils, 
and  especially  for  all  work  having  arms  with  circular  rims. 

When  pulleys  of  standanl  sizes  for  line  shafting  are  manu- 
factured in  quantities,  a  skeleton  i>attem  consisting  of  hub,  arms, 
and  an  independent  iron  rim  is  used.  This  iron  rim  is  of  modem te 
width  but  may  be  used  for  obtaining  any  width  of  h\cv  desixixl. 

Wooden  patterns  complete  in  themselves,  as  that  describtxi  for 
Fig.  173,  are  used  for  all  special  pulleys  on  machines  when  the 
required  sizes  and  widths,  as  also  hubs  and  conniK:!tions,  an»  irrt^u- 
lar  and  designed  only  for  the  special  machine,  so  that  the  making 
of  pulley  patterns  is  important  in  nearly  all  fouiulries  and  pattern 
shops. 

Where  the  iron  rim  is  to  be  made,  thi*  s^une  cart*  is  necessiiry 
in  the  building  up  of  the  original  wooden  pitteni.  It  must  Ih> 
remembered  that  before  the  final  casting  is  obtaiiK*d,  two  shrink- 
ages will  take  place;  first,  the  shrinkage  of  tlie  original  casting 
from  which  the  iron  ring  is  turned,  and  then  the  shrinkage  of  the 
casting  made  from  this  pattern.  In  addition  to  this,  there  must  be 
the  allowance  for  turning  the  ring  both  inside  and  out  and  for  the 
turning  of  the  outside  pulley  rim.  Supix)sc»  the  i>attern  is  to  ho 
made  for  a  pulley  two  feet  in  diameter.  The  usual  allowance  for  a 
single  shrinkage  is  made  by  the  shrinkage  rule.  In  this  case  tin* 
allowance  must  be  doubk»d.  Thus  in  the  above  pulley,  the  diame- 
ter of  the  wooden  imtteni  bt?comes  24  J  +  J  =  24  J  inelu^s,  standanl 
rule  measurements,  or  24  +  i  =  24J  inehes,  shrinkage-rule  UK^as- 
urements.  As  a  very  smooth  surface*,  freti  from  iioli^s,  is  reeiuircnl, 
J  inch  in  diameter,  or  J  inch  all  around,  must  bi»  allowcul  for  out- 
side finish  on  the  iron  ring,  and  ^  inch  for  finish  on  the  rim  of  th(^ 
cast-iron  puUey. 

The  outside  diameter  of  the  original  woodi»n  jxitt^Tu  is  24  J  + 
\  +  i  =  24i^  inches,  with  shrinkage  nile.     If  the  final  thickness  of 
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the  pulley  rim  is  to  be  |  inch,  this,  with  the  allowance  of  J  inch 
for  turning  out  the  inside  of  the  iron  ring,  makes  the  inside  diam- 
eter of  the  wooden  pattern  23  inches,  and  the  thickness  of  the 
wooden  rim  ^-J  inch,  all  shrinkage-rule  measurements. 

This  wooden-ring  pattern  must  be  built  up  on  a  chuck,  as 
described  for  the  20-inch  X  6-inch  pulley,  the  segments,  six  in  num- 
ber for  each  layer,  fitted,  glued,  and  clamiXHl  with  three  hand  screws 
to  each  segment  mitil  a  width  of  6  J  inches  is  reached. 

It  is  then  turned  to  the  above  dimensions,  without  a7iy  drafts 
and  sent  to  the  foundry,  where  it  may  be  used  for  obtaining  an  iron 
rim  of  any  requirtnl  width  by  first  ramming  the  sand  about  the 
pattern,  jxirtly  drawing  it,  and  then  ramming  agjiin  to  a  new  level. 

The  casting  thus  obtained  is  then  tunitMl  to  the  dimensions 
called  for  by  an  ordinary  i>attem;  that  is  to  say,  the  shrinkage-rule 
measurements  would  leave  it  23^  inches  in  diameter  on  the  inside 
and  24J  inches  on  the  outside,  jx^rmitting  a  final  finishing  of  the 
outside  of  the  rim  of  the  pulley  to  a  diameter  of  24  inches.  When 
this  is  done,  two  ^-inch  holes  should  bt?  drilknl  near  one  edge*  of  the 
rim  and  diametrically  opiX)site  each  other,  into  which  hooks  may 
be  inserti^d  for  drawing  the  i^atteni.  This  rim  should  also  be 
tununl  straight  and  without  any  draft. 

The  arms  are  usually  made  wit/i  a  wooih^n  imttern,  which  has 
a  dowrl-pin  liok'  on  each  sid(»  at  tlie  center  for  attaching  the  hubs 
that  are  loosi*,  the  object  being  to  changii  their  length  and  diame- 
ter to  suit  the  width  of  the  rim  and  the  diameter  of  the  shaft  u^xju 
which  the  pulley  is  likely  to  be  placcnl. 

The  arms  of  all  inilleys  should  be  straight  because  of  the 
greater  strength  given  to  the  imlley  as  a  whole,  the  driving  and 
resisting  ix)wer  being  at  least  one  third  greater  than  in  a  iniUey  of 
the  same  dimensions  having  eurvi'd  arms.  Curvt^l  and  shaixd 
arms  of  all  kinds  are  now  uschI  only  for  ornamental  purposes  and 
for  very  light  work. 

The  arms  should  bi^  six  in  numbiT,  except  for  very  small 
pulleys,  wlien  five  and  even  four  are  often  us(h1.  The  dimensions 
of  the  arms  vary  greatly,  deixMiding  Oii  tlie  purix)se  for  which 
the  pulley  is  to  be  used,  and  the  weight  of  the  machinery  to  Ik' 
driven. 
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This  mothcxl  will  be  found  couvonient  for  all  pulleys  of  mod- 
erate width  of  fiice;  but  as  the  spaces  between  the  arms  cannot  bo 
lunuil  out,  great  inconveniences  in  reaching  those  places  will  be 
{ound  when  the  face  of  the  pulley  is  twelve  or  more  inches  in 
width.    These  spaces  must  be  dressed  out  by  hand. 

The  instmctions  regarding  the  construction  of  the  last  three 
inttems  should  be  studied  carefully,  because  the  general  points 
involved  enter  largely  into  the  construction  of  jxatterns  of  all  kinds, 
and  especially  for  all  work  having  arms  with  circular  rims. 

When  pulleys  of  standard  sizes  for  line  shafting  are  manu- 
factured in  quantities,  a  skeleton  pattern  consisting  of  hub,  arms, 
and  an  independent  iron  rim  is  used.  This  iron  rim  is  of  moderate 
width  but  may  be  used  for  obtaining  any  width  of  face  desixed. 

Wooden  patterns  complete  in  themselves,  as  that  described  for 
Fig.  173,  are  used  for  all  special  pulleys  on  machines  w^hen  the 
required  sizes  and  widths,  as  also  hubs  and  connections,  are  irregu- 
lar and  designed  only  for  the  special  machine,  so  that  the  making 
of  pulley  patterns  is  important  in  nearly  all  foundries  and  pattern 
shops. 

Where  the  iron  rim  is  to  be  made,  the  same  care  is  necessary 
in  the  building  up  of  the  original  wooden  pattern.  It  nuLst  l>e 
remembered  that  before  the  final  casting  is  obtained,  two  shrink- 
ages will  take  place;  first,  the  shrinkage  of  the  original  casting 
from  which  the  iron  ring  is  turned,  and  then  the  shrinkage  of  the 
casting  made  from  this  pattern.  In  addition  to  this,  th(?re  must  bo 
the  allowance  for  turning  the  ring  both  inside  and  out  and  forthi^ 
turning  of  the  outside  pulley  rim.  Sui)pose  the*  pittern  is  to  bi» 
made  for  a  pulley  two  feet  in  diameter.  The  usual  allowance  for  a 
single  shrinkage  is  miide  by  the  shrinkage  rule.  In  this  case  th(» 
allowance  must  be  doubk*d.  Thus  in  the  above  pulley,  the  diame- 
ter of  the  wooden  pjittem  becomes  21 J  +  J  =  211  inches,  standard 
rule  measurements,  or  24  +  i  =  24J  inches,  slirinknge-nile  meas- 
urements. As  a  very  smooth  surface,  free  from  holes,  is  re([nir(Kl, 
\  inch  in  diameter,  or  J  inch  all  around,  must  Ix*  allowed  for  out- 
side finish  on  the  iron  ring,  and  J  inch  for  tinish  on  the  rim  of  th(» 

cast-iron  pulley. 

The  outside  diameter  of  the  original  wooden  pattern  is  21 J  + 
\  + 1^  =  2-11  inches,  with  shrinkage*  rule.     If  tlu^  final  thickness  of 
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the  width  of  the  rim  as  well  as  its  diameter.  The  length  of  the 
hub  should  be  about  two-thirds  the  width  of  the  rim  except  in  the 
cases  of  tight  and  loose  pulleys,  where  the  hub  should  be  a  trifle 
longer  than  the  width  of  the  rim.  It  may  then  project  about  ^  inch 
on  the  sides  in  contact,  and  J  inch  on  the  outside. 

RAPPING  PLATES. 

In  the  description  of  the  making  of  the  pulley  pattern,  the 
ring  serving  as  a  binder  for  the  hub  is  spoken  of  as  a  rapi)ing  iJate. 
When  a  pattern  is  imbedded  in  the  sand,  the  latter  is  closely  com- 
pressed all  about  it,  and  slightly  adheres.  The  moulder  is,  there- 
fore, in  the  habit  of  rai>ping  the  pattern  gently  in  order  to  loosen 
it  in  the  sand  before  attempting  to  draw  it.  If  the  pattern  is  not 
provided  with  a  metal  plate,  the  moulder  will  drive  the  sharp  ix>int 
of  a  lifter  into  the  wood  and  strike  it  alternately  on  opposite  sides 
and  at  the  same  time  use  it  to  lift  the  pattern  from  the  sand.  This 
mars  the  pattern  and  will  in  time  ruin  it.     The  rapping  plate, 

shown  in  the  engraving,  is  a  piece  of  thin  metal 
^  to  -1%  inch  thick,  inserted  so  that  it  is  flush 
with  the  i>arting  face  of  the  pattern  and  is  held 
by  wood  screws  with  countersunk  heads.  These 
plates  are  drilled  and  tapped  for  a  §-inch  screw 
I  ^  I      and  sliould  be  the  same  for  all  ^mtterns  in  the 

Kai.piii^'  riatc.  foundry  so  that  one  set  of  rods  can  be  useil 
iiiicrclian^i^ably.  The  method  of  using  is  to  screw  the  rod  into 
the  lA'dU)  and  ra^)  it  gently  to  and  fro  mitil  the  imtt^m  has  bt^c»n 
loosened,  when  it  may  be  lifted.  For  small  patterns,  one  rapping 
plate  will  be  sufficic^nt  and  this  should  bt^  so  piactHl  that  the  hole 
for  the  lifting  rod  comes  directly  over  the  center  of  gravity  of  the 
])i(»(*(\  This  will  prevent  tilting  of  the  pittern  as  it  is  lifte<l  from 
till*  sand.  For  mediinn  sized  patterns,  two  rapping  plates  should 
1)1'  provided,  so  that  tlu^  pattern  can  be  raised  from  two  opix)site 
sides.  For  still  larger  pattenis  three  or  four  rap^nng  i)lates  are 
used;  the  object  b(Mng  to  give  such  i)erfect  control  when  dm  wing 
that  tluTe  can  be  no  tearing  away  of  the  sand. 

METAL   PATTERNS. 

INFi'tal  patterns  are  extensively  used  wh(Te  either  one  of  two 
conditions  prevail:  first,  where  the  eharaet(»r  of  the  work  is  so  lijjjht 
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anddfUcate  that  a  wocxlen  pattern  could  not  hold  together,  as  in 
ornamental  casting;  and  second,  where  snch  a  large  number  of 
castings  are  to  be  made  that  the  wooden  pattern  would  not  last 
longenoTigh  to  complete  the  work.  Metal  patterns  may  be  made 
of  iron,  brass,  or  alnminmn.  The  latter  metal  is  coming  into  great 
favor  because  of  its  light  weight  and  its  freedom  from  corrosion  by 
the  moist  sand.  These  patterns  should  be  given  a  light  coating  of 
shellac  vamish,  but  it  is  not  absolutely  necessary.  Where  iron  is 
nsei  some  preservative  must  be  put  upon  the  surfaces  to  protect 
them  from  rust.  The  best  method  is  to  warm  the  metal  and  rub  it 
with  a  rag  dipped  in  melted  beeswax.  This  excludes  the  air  and 
leaves  a  smooth  surface  so  that  it  is  easily  drawn  out  of  the  sand. 
This,  however,  is  not  a  very  durable  protection;  the  more  common 
method  is  to  use  a  shellac  vamish.  In  order  that  the  vamish  may 
adhere,  the  metal  should  first  be  wet  with  a  solution  of  sal  ammo- 
iiiac.  and,  when  dry,  sand-papered  and  shellaced. 

In  the  small  12-inch  crank  pattern  shown  in  Fig.  176,  is  shown 
a  very  simple  one-piece  pattern.  In  spite  of  its  simplicity  it  requires 
considerable  skill  in  shaping 
and  in  obtaining  the  neces- 
sary draft.     The   parting  of 
the  mould  will  be  on  the  line 
CD.    The  piece  e,   for  the 
main   body    of   the    pattern,  O 
should  be  made  n^ctangular  in 
forai,  and  laid  off  with  center 
lines  from  which  the  positions  Fig.  176. 

of  the  bosses  cr,  J,  and  d,  and  the  core  print  x  may  bo  drawn  on  tlu '  u pjxT 
and  lower  sides  respectively.  The  bosses  are  turned  on  tln^  latlui 
to  the  required  form,  and  given  a  draft  of  ^  inch  to  12  inches.  After 
J  and  c  have  been  glued  on,  the  part  e  is  sawed  to  shapis  sawing 
close  to,  but  not  touching  h  and  c  with  the  saw.  The  thin  boss  d 
is  next  glued  in  place,  after  which  e  is  filtKl  and  dressed  to  the 
recjnired  shape  and  even  with  b  and  c,  giving  it  the  samc>  draft, 
\  inch  to  12  inches,  but  in  the  opix)site  direction  from  the  parting 
line  C  D.  The  rib  a  is  next  turned  on  the  lath(%  and  one  side  s])lit 
off  on  the  band  saw,  after  which  it  is  fittcnl  between  h  and  c.  The 
core  prints  may  be  turned  with  a  small  tenon  on  one  end  to  fit  into 
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holes  borod  in  the  pattern,  or  they  may  be  tamed  fiat  on  both  ends 
and  nailed  on.  Core  prints  x  and  x  mast  hare  no  more  draft  than 
is  given  to  the  body  of  the  imttem  (^  inch  to  12  inches);  bat  ^  and 
s,  which  will  be  moalded  in  the  cope,  most  be  ^  inch  less  in  diame- 
ter at  the  apper  end  than  the  diameter  at  the  base. 

The  heavy  engine-crank  pattern  illnstrated  by  Pig.  177,  differs 
but  little  in  general  construction  from  that  shown  in  Fig.  17li,  ex- 
cept that,  being  lai^  and  heavy, 
it  must  be  built  up  out  of  thin 
stock,  as  shown  in  the  drawing. 
The  stock  is  first  glued  up  to 
the   necessary   thickness,    after 
which  it  is  laid  out  and  sawed  to 
^  shape  as  one  piece,  the  saw  tabk' 
being  tilted  slightly  to  give  the 
Fig.  m.  required  draft,  which  in  this  case 

must  not  be  more  than  ^  inch  or  -^  inch  to  12  inches. 

The  bosses  e  and  y  are  also  glued  up  out  of  thin  stock,  the 
pieces  being  crossctl  so  that  the  grain  of  each  will  be  at  riglit 
angles  to  that  of  the  other,  as  illustratL-d  in  Fig.  172,  after  which 
tht'y  are  tunieil  with  a  draft  of  {  inch  to  12  inches,  and  fitteil  to  <?. 

Of  the  four  core  prints 
only  .''  and  .r  will  have  exces- 
sivo  draft,  as  explained  in  con- 
nection with  Fig.  ITfi;  ^  and 
2  mnst  have  no  mori'  draft 
than  th«;  body  of  tliL'  pjittiTn. 
Till'  t«irting  of  the  mould,  as 
in  th<>  fonniT  case,  will  be  on 
the  line  F  G. 

Ill  Fig.  178,  is  illustratL-il 
a  finished  east-iron  rf/j<c<'r(7*iX-  '^'    '  ' 

for  an  engine  of  12-inch  stroke.  This  crank  is  finished  on  the  face, 
on  the  outiT  edge,  and  on  the  end  of  the  hub.  It  is  bored  ont  3J 
ini-hfs  to  fit  on  the  engine  shaft,  and  2^  inches  to  receive  the  wrist 
pill.  All  addition  of  J  inch  must  be  allowe<l  on  the  imttern  for 
tiniwh  of  the  face,  and  the  same  on  the  end  of  the  hub;  -,-„-  inch 
will  l«J  anifirient  to  add  for  fini.ili  on  the  onter  rim,  making  the 
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diameter  of  the  pattern  \&^  inches,  and  the  thickness  of  the  disc 
-^  inch.  A  sectional  view  of  the  pjittem  is  shown  in  Fig.  179. 
The  disc  for  this  pattern  must  be  made  of  two  thicknesses  of 
sectors,  six  in  nnrnber  for  each  thickness,  which,  after  being  fitted, 
{f|ue-sized,  and  glut^d  together,  are  planed  off  true  on  both  sides, 
and  glued  on  each  other  so  as  to  break  joints,  as  shown  in  Fig.  180. 
When  dry,  the  disc  thus  obtained  is  sawed  to  a  diameter  of  16J 
inches  and  glued  to  the  wooden  chuck  on  the  Iron  face-plate  of  the 
lathe  with  small  sectors  of  thick  paper  between,  or  else  glued  to 
small  blocks  on  the  chuck,  from  which,  after  turning,  it  can  be  cut 
as  illustrated  in  Fig,  l(Vi.  The  rim  is  now  built  up  on  the  disc  out 
of  segments  ^  inch  or  ^  inch  in  thickness,  as  directed  for  the  20- 
inch  pulley  (Fig.  173),  with  not  less  than  six  segments  to  each 
course.  The  hub  ia  glucnl  up  as  described,  and,  after  gluing 
on  the  disc,  the  whole  is  turned  to  the  required  size  and  shape. 


Fifi.  180. 
In  tlio  ciise  of  this  disc-crank  pattern,  a  small  disc  of  paper 
(or  a  block,  if  blocks  are  used)  sliould  be  phiced,  without  gluing, 
under  the  center  of  the  disc,  to  prevent  looseness  and  vibration 
while  being  turned  in  the  Lithe.  The  boss  a,  to  receive  the  wrist 
jjin,  must  be  glued  up  in  the  same  way  as  the  hub  (see  Fig.  172), 
and  turmxl  on  the  lathi-,  after  which  it  is  fitted  into  position  as 
indicated  in  Figs.  17H  and  179.  The  counter- wt'ight  b  is  next  shaped 
from  a  singhi  piece,  or  it  may  bts  glued  up  of  several  thicknesses  of 
J-inch  stock.  In  sawing  tills  block  to  shape,  tlie  band-saw  table 
should  be  tilted  so  as  to  give  it  a  draft  of  g  inch  to  12  inches.  Give 
the  inside  of  the  rim,  tlie  hub,  and  the  boss  a,  the  same  draft,  but 
the  outside  of  the  rim  should  not  have  a  draft  of  more  tlian  J  inch 
to  12  inches. 
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or  a  niji  lUpiKtl  in  tlit-  lint  water  of  the  outer  glue-tx)t  aud  wrung 
out  iHiirlj-  ilrj",  caro  K'iiitf  taken  not  to  wet  any  pjirt  of  the  pattern 
mort'  thill)  can  ixwsibly  K^  heljietl,  after  which  it  must  at  once  be 
wi|)i'<l  (In. 

These  UathiT  fillets  will  be  Foimtl  mora  pliable  and  moro 
easily  placed  and  rubbed  into  [losition  if  the  glue  usi;d  is  first 
allowi-d  to  cool  slightly.  Very  hot  glue  stiffens  and  crinkles  the 
li-ather,  ciiusing  it  to  work  hanl. 

FACE   PLATE. 

It  is  sometimes  advisable  to  use  cores  even  if  it  is  quite  possible 
to  roiistmct  the  iKitteni  so  that  it  would  core  its  own  holes.  This 
is  the  case  where  it  is  desinnl  that  the  faces  of  the  castii^  and  the 
boles  shall  be  smooth  and  as  true  as  possible  without  expensive 


a.  Viu.  1S2.  b. 

machine  work.  The  iinishid  face-plate  of  an  engine  lathe  illus- 
trated in  Fig.  1^2  is  a  g<KKl  t'saniple  of  such  work. 

It  will  Ix'  readily  seen  that  the  ^Kiltern  for  tliis  easting  could 
bv  put  in  the  sand  and  withdrawn  from  the  mould,  h>iivi-:g  the  saud 
sliiiidiiig  when-  the  holes  are  located. 

Till-  trouble  that  arises  from  tins  method  is  due  io  the  fact  that 
wh.-n  th.-  metal  is  jwured  and  allowed  to  How  abont  the  fragih-  pro. 
j.-<-lliJiis  that  are  left  to  form  th..>  holes,  llie  sainl  washes  away,  so 
that  the  holes  in  the  casting  are  irregular  and  much  smaller  than 
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those  in  the  pattern.  For  these  reasons  the  holes  should  be  cored, 
as  the  core  sand  is  firm  and  better  able  to  resist  the  washing  action 
of  the  flowing  metal. 

The  patterns  for  snch  a  face  plate,  a  cross-section  of  which  is 
shown  in  Fig.  183,  should  be  made  as  follows:  The  allowance  for 
finish  on  the  face  of  the  casting  shonld  be  not  less  than  -i^  inch, 
and  the  same  shonld  be  added  to  the  diameter  and  also  to  the  end 
of  the  hnb.  Ha^'ing  thus  determined  the  thickness  and  size  of  the 
pcittem,  the  disc  shonld  be  built  up  of  from  four  to  sixteen  sectors, 
acconliug  to  the  size  of  the  plate.  If  the  diameter  is  between  24 
and  42  inches,  sixteen  sectors  should  be  cut  out,  each  filling  an  arc 

of  45"^,  so  that  when  eight  are  placed  edge  to  edge 
they  will  complete  the  circle.  The  thickness  should 
be  a  little  more  than  one-half  the  completed  thickness 
of  the  x)attem  disc,  and  they  should  be  laid  up  so  as 
to  form  two  layers,  breaking  joints  with  each  other 
as  shown  in  Fig  180.  When  the  disc  is  formed,  the 
hub  should  be  first  glued  in  position,  this  also  being 
built  up  of  pieces  glued  together,  and  the  whole 
attachc*d  to  a  large  wooden  chuck  and  iron  face-plate 
of  the  ixittem  lathe  in  the  same  manner  as  described 
for  till*  disc-crank  (Fig.  178).  The  rim  is  next  built 
\\Y>on  the  disc  in  the  same  way  as  has  been  descrilxHl 
for  former  i>at terns.  If  the  face  plate  is  very  lai^e, 
the  segments  may  be  ^  inch  or  even  §  inch  in  thick- 
ness, and  to  avoid  (uid  wood,  eight,  twelve,  or  even  sixteen, 
segiiR'iits  may  be  used  for  each  layer  according  to  the  diameter  of 
tlie  rim. 

The  pattern  now  consists  of  the  disc  with  the  rim  and  hub  in 
Ix)sition,  l)nt  larger  than  they  should  be.  It  is,  therefore,  placed 
in  the?  lathe  and  carefully  turned  over  its  whole  surface,  each  ixirt 
and  thickness  being  brought  to  the  shape  and  dimensions  of  the 
e()nii)k?ted  pattern,  care  btMng  taken  to  turn  in  a  fillet  of  ^  inch  to 
h  inch  radius,  dei>mding  on  the  size  of  the  nxjuired  casting,  in  the 
angles  connecting  the  rim  and  the  hub  with  the  disc.  Next  pxii  in 
the  ribs;  it  is  not  necessary  to  form  these  out  of  built-up  material, 
for  each  may  be  cut  from  a  single  piece.  They  should  l)e  carefully 
fitted  to  form  a  close  joint  with  the  rim,  the  disc,  and  the  hub. 
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before  they  are  glued  in  position.  When  this  is  done,  all  angles 
fonned  by  the  rim,  ribs  and  hub  with  each  other  should  be  care- 
fully fiUeted. 

After  the  fillets  are  in  position,  it  remains  to  provide  for  the 
coring  of  the  holes.  This  is  done  by  first  laying  out  upon  the  face 
of  the  pattern  the  location  and  size  of  the  holes.  It  is  upon  the 
points  thus  located  that  the  core  prints  are  placed.  Before  this  is 
done  it  must  be  decided  which  side  of  the  casting  is  to  be  made 
uppermost. 

Where  a  large,  flat  surface  is  to  be  given  a  finish,  it  is  desirable 
that  the  metal  should  be  as  clean  and  free  from  sand  and  blowholes 
as  possible.  As  the  iron  has  a  greater  specific  gravity  than  the 
sand  of  the  mould,  all  |)articles  of  sand  that  may  be  washed  away 
and  all  gases  generated,  rise  to  the  surface  of  the  molten  metal. 
Those  imprisoned  by  the  cooling  of  the  iron  form  the  dirt  and 
blowholes  that  disfigure  the  completed  casting.  In  a  casting  such 
as  the  face-plate  under  consideration,  it  is  desirable,  then,  that  the 
face  should  be  upon  the  lower  side  when  the  metal  is  poured.  For 
the  sake  of  convenience  in  setting  the  cores,  t^e  prints  are  put 
upon  the  face  an<l  make  their  impress  in  the  sand  of  the  drag. 
They  should  be  glued  and  nailed  in  position  after  the  piittem  itself 
has  been  sand-papenxl.  The  core  prints  for  the  hole  through  the 
center  are  also  put  on  in  the  same  way. 


PIPE  CONNECTIONS. 

Many  patterns  which  at  first  may  stM»m  to  Ix^  quite  formidable, 
will,  after  a  little  study,  resolve  them- 
selves into  a  few  very  simple  ixirts,  nearly 
all  the  work  for  which  may  be  done  in 
the  lathe.  Of  this  the  Uni  pij^e  conni»c- 
tion  shown  in  Fig.  184,  is  a  good  illus- 
tration. 

A  sectional  view  of  the  casting, 
threaded  and  having  a  pipe  screwed  into 
the  right-hand  end,  is  shown  in  Fig.  185.  ^^^'  ^^' 

The  completed  pattern  for  this  casting  is  illustratiHl  in  Fig. 
186,  with  its  core  prints  a,  a  and  a,  and  must  ho  iKirtc^l  as  shown 
in  Fig.  187.    The  entire  pattern  may  be  made  at  a  single  turning 
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as  illustrated  in  Fig.  188.  The  pr(»i)aration  of  the  wood  for  this 
pattern  is  similar  to  that  described  for  the  pattern  of  the  brass 
bearing,  Fig.  150;  the  two  halves  having  the  necessary  dowel  pins 
inserted,  and  glued  together  at  the  extreme  ends  only. 

When  there  is  not  time  for  the  glue  to  dry,  all  such  parted 
work  may  be  held  together  while  being  turneil,  by  having  staples 
driven  into  the  ends  as  shown  in  Fig.  188.     Indeed,  for  all  large 

and  heavy  work  this  method  is  to 
be  preferred ;  two,  and  even  four, 
staples  IxMng  used  in  each  end  as 
the  size  of  tht»  work  may  demand. 
When  the  turning  is  comi^leted, 
it  is  only  necessary  to  cut  a  V- 
shajx^d  ojx^ning  into  the  two 
halves  of  <:%  into  which  the  part/* 
is  fitted  and  ghuKl.  When  the 
glue  has  set  and  is  suflSciently 
dry,  the  joint  may  be  further 
strengthened  by  nailing,  or  by  inserting  and  screwing  a  thin  metal 
connecting  jjlate  flush  with  the  parting  side  of  each  half  of  the 
pattern.  This,  however,  will  1x3  necessary  only  when  imttenis  are 
large  and  heavy,  or  when  unusual  streiij^th  is  required. 

The  core  box  for  this  pattern,  as  will  be  sei'ii  in  Fig.  189,  is  the 
usual  half  box  and  is  nuulc; 
by  working  out  th(^  box  in 
on(3  piece,  long  enough  to 
make  the  twc  parts  a  and  h. 
The  two  jmrts  are  united  by 
cutting  a  V-shajx^d  oj^xuiing 
in  the  part  (t  and  fitting  h 
into  it  in  the  same  way  as 
describ(»d  for  the  pittern. 
The  whole  is  then  glued  and 
screwed  to  the  board  r,  and 


Fig.  185. 


Fig.  186. 


the  two  triangular  blocks  d  and  d  are  glued  in  the  angles  to  add 
strength  to  the  completi'd  box.  In  case  tlie  pattern  is  for  a  very 
small  pipe,  li  inches  or  under,  the  i>art  h  may  be  abutt(xl  against 
the  side  of  a,  as  shown  by  the  dotted  line,  and  the  side  of  a 
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lit  e  cut  away  to  the  same  ctinc^  as  h.  ^i\\ 
in  the  former  method. 

The  pattern  for  the  2-incli  elbow.  Fig.  190,  is  another  illostra- 
tion  of  how  such  work  may  be  simplifii^,  and  time  saved,  by 
doing  the  greater  part  of 
the  work  in  the  latlie. 

As  these  elbows  an; 
usually  cast  in  l<irge  nnm- 
biirs,  the  pattern  should  b*; 
made  double  as  shown  in 
Fig.  191.  To  construct  the 
doable  pattern,  a  ring  is 
first  turned  like  Fig.  I!l2,  a  cross-section  of  which  is  a  seoiicircle 
as  shown  in  the  lower  right-hand  corner  of  the  drawing.   This  ring 


Fip.  183. 


is  cut  into  ijiiartt^rs,  and  the  four  pil^ce^  c,  c,  c  and  e  make  the 
quarter  turns  for  the  two  halves  of  the  double  jjjitteni. 

The  entlfl,  including  the  core  prints  and  connecting  tenons,  are 


turned  in  one  piece  as  shown  in  Fig.  I'.II!,  the  8to<'k  fur  which  i 
preiKircd,  with  tin!  insertc^l  dowel  pins  all  in  x^osition  in  tlio  aaui 
jnanner  us  described  for  the  tee  pattern,  Fig.  I8H.    The  quarters,  e,  < 
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e  aud  e  are  clamped  tc^ther  two  and  two,  and  the  ends  carefully 
borud  to  recei^'e  the  tenons  which  are  then  glued  in  position  and 
further  strengthened  by  a  wood  screw  as  shown  in  Fig.  191. 


Pig.  191. 

In  Fig.  lili,  the  core  box  for  this  double  pattern  is  shown,  and 
as  will  be  seen  the  most  difficult  pnrt  of  the  work  can  be  done  in 
the  lathe.  Fig.  195  shows  two 
pieces  jointed  and  damped  to- 
gether which  must  be  screwed  to 
the  face-plate  of  tlie  lathe  and 
turned  out  to  make  tlie  two 
comers  c  and  c.  The  three 
straight  parts  d,  il  and  rf  are 
worki^l  out  ill  one  long  piece 
iiiid  afterwanls  cut  to  the  re- 
quired lengths,  after  which  the 
Jive  pieces  are  glui'<l  an<l  screwftd 
iire  next  put  on  and  the  ri'quired 


Another  ri'ason  why  the  itiittern  for  i>ip'  elbows  shoiild  be  made 
donlile  is  tliiit  otherwisi'  the  con'  prinls  would  rei[uire  to  be  made  of 
greiit  length  in  order  to  balance,  sustain,  and  keep  the  heavy  core 
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ill  |)06itioti:  the  tendency  being  to  sag  in  the  middle,  or  iloiit  on 
ttie  niolteu  iron,  and  thns  make  the  upper  side  of  the  casting  toe 
thin,  all  of  which  is  avoided  in  the  double  pattern. 


Fig.  191. 

A  pattern  for  the  return  bend,  Fig.  196,  can  be  built  up  and 
constrnctM  in  the  some  manner  as  described  for  the  elbow,  the 
st-niicircular  returns,  not  only  for  the  pattern,  but  also  for  the  core 
1k>x,  bi'ing  turned  in  the  lathe,  together  with 
the  ends  and  core  prints  for  the  pattern 
As  there  will  be  no  middle  support  for  the 
core  in  this  case,  the  core  prints  must  bo 
maile.  as  shown  in  the  half  pattern.  Fig  197, 
I  )f  sufficient  length  to  balance  the  heavy  senii- 
i-ircTiIar  core,  and  also  to  keep  it  in  its  true  i)osition  m  the  moiilil. 

The  small  wood  lathe  ohuck,  a  vertical  section  of  which  is 
shown  in  Fig.  19y,  will  ser\-e  as  a  simple  llhistratiuii  of  the  long 
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Fig.  19C. 


■■•m  print  aud  halanced  core.  Jhe  casting  must  be  couiitiT  con-d: 
IJi.'it  is.  the  core<l  opening  must  be  onlai^i'd  at  the  forward  enil, 
a<lding  to  the  size  and  weight  of  that  end  of  the  core,  which,  as 
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will  be  Been,  has  no  support  except  that  afforded  by  the  extra  length 
of  the  core  at  the  opposite  end.  The  pattern  for  this  chuck  is 
shown  in  Fig.  19'J,  and  the  core  print  must  have  a  length  at  least 
twice  as  great  as  the  depth 
of  the  hole  in  the  chuck.  The 
core  box  is  shown  in  Fig.  200. 
When  i>ipe3  or  cylinders 
are  of  moderate  size  with  deep 
flanges  for  bolting  tc^-ther 
(Fig.  201),  the  Hanges  for  the 
pattern  are  turned  out  of  a 
sejiarate  disc  as  shown  in 
Fig.  202,  and  firmly  glued  and 
nailc<l  on  over  the  core  prints 
and  against  the  ends  of  the 
main  body  of  the  pattern; 
the  core  print  being  made  of 
Fig.  197.  sufficient    length    to    receive 

A  nxjess  is  sometimes  turned  in  tho  inside  end 
!  liriiit  to  rect'ive  the  inner  cilge  of  tlie  flange  as 
sliowii  in  Fig.  203,  and  into  which  it  is  fitted,  thus  ailding  greatly 
to  tho  strength  of  the  joint. 


tho   flange. 
of   tho   cor. 


Fij 
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The  flanges  should  bo  made  by  ghiing  up  three  pieces  and 
cr(»ssing  the  gniin  <>£  the  jju'ces  so  that  the  grain  of  each  will  run 
at  riglit  angles  to  that  of  the  olhiT.  In  gluing  pieces  t<^'ther  for 
tliiii  discs,  thrvv.  pieces  should  always  be  used.  Two  thin  pieces 
glue<l  together  will  always  war]). 
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A  still  better  and  stronger  method  of  making  large  flanges  is 
to  cnt  out  segments,  five  or  six  for  each  course,  and  fit  and  glue  up 
on  a  chuck  and  face-plate  in  the  same  way  as  described  for  the 
hand  whi-el  rim  (Fig.  168) ;  two  or  three  courses  being  used  for  each 


Fig.  200. 
Fig.  202. 

flangts  which  after  being  turned  to  the  reqidred  size  and  form,  the 
ring  is  sawed  in  two  with  a  very  thin  saw,  and  each  half  fitted  into 
plact^  on  the  ixittem.    The  main  body  of  the  pattern  is  glued  up 


Fig.  201. 

out  of  strips  as  shown  at  a,  Fig.  204,  and  for  turning,  the  two 

halves  are  held  together  by  means  of  staples  as  shown  in  Fig.  188. 

A  short  temjwrary  block  is  then  fitted  and  glued  into  the 
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Fig.  204. 


opening  in  each  end  to  receive  the  lathe  centers.  A  stai)le  x^late, 
similar  to  that  illustrated  in  Fig.  205,  may  be  used  to  great  advan- 
tage for  all  work  of  this  kind,  making  as  it  does,  a  secure  connec- 
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tion  and  doing  away  with  the  otherwise  temporary  center  block. 

The  method  of  constrncting  the  core  box  for  this  or  similar 
patterns,  Ib  shown  at  b.  Fig.  204. 

Tees,  elbows,  and  other  bends  and  connections  when  large  are 
built  up  in  a  similar  way,  thus  making  a  lighter  and  diso  more 
durablf  pattern. 


Fig.  aK. 


For  largo  cylinders,  a  much  lighter  and  simpler  method  of 
constructing  the  pattern  is  shown  in  Fig.  206.  For  each  half  of 
tho  pattern  the  two  end  discs,  and  the  middle  semicircular  disc  are 
connected  together  by  a  strong  center  bar,  which  is  fitted,  glued 


!uid  soruwcd  into  each,  sen-iiig  not  only  to  strengthen  the  iwttem, 
but  also  to  hi>iil  th(;  connwting  dowel  pins.  When  tho  two  halves 
of  the  pattLTii  am  clauiiwl  togi-ther  (with  staijles)  it  serves  also  as 
ii  seonro  menus  of  centering  in  the  liithe. 

The  staves  forming  the  body  of  the  cylinder  ur<'  fitteil  and 
glued  to  each  other  and  screwed,  or  naileil  to  the  discs.    A£U.'r  the 
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cylin<kT  has  been  turned,  the  core  prints  and  flanges  are  built  up 
and  turned  separately,  and  glued  and  screwed  to  the  ends  of  the 
cylinder  from  the  inside  of  the  end  discs. 

Fig.  207  illustrates  still  an- 
other and  better  method  of  build- 
ing up  the  cylinder  and  core 
prints  in  one  piece  and  complet- 
ing the  whole  at  a  single  turning. 
The  core  prints,  as  shown,  are 
staved  up  first,  and  then  the  staves 
to  fonn  the  body  of  the  pattern 
are  fitted,  glued  and  screwed,  or 
nailed,  over  the  ends  of  those 
which  form  the  core  prints. 
Should  the  body  of  the  cylinder 
be  long,  one,  two,  or  more  middle 
semicircular  discs  must  be  used. 

A  similar  construction  for  the  core  box  is  shown' in  Fig.  208, 
and  is  to  be  preferred  to  all  others  because  if  laid  out  and  built  to 
the  exact  size,  the  labor  required  to  reduce  the  staves  to  a  perfect 
semicircle  of  the  required  radius  is  very  little. 

ENGINE  CYLINDER. 

The  slide-valve  engine  is  built  in  a  great  variety  of  forms. 
Fig.  201^  represents  a  sectional  view  of  the  cyliudcT  of  a  very  com- 
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Fig.  209. 


Fig.  210. 

mon  type.  At  e  Fig.  210,  we  have  a  cross-section  through  the 
steam  chest  and  exhaust  \^xi  at  A  B;  and  at  F,  a  cross  section  at 
t'  D  through  the  steam  port. 
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When  the  cylinder  is  small  (ten  inches  or  under  ia  diameter) 
the  pattern  is  usually  built  up  solid,  but  if  more  than  ten  or  twelve 
inches  in  diameter  it  should  be  built  of  staves,  as  shown  in  Fig.  211. 


Fig.  211. 

When  the  size  is  thirty  inches  or  over,  a  loam  mould  is  usually 
made  as  will  be  fully  described  in  the  section  on  Foundry  Work. 
The  size  limit,   however,  vuries   greatly    in   different  foimdries. 
The  construction  of  the   pattern   is 
illustrated  in  Fig.  211,  and  needs  no  de- 
scription here,  it  being  the  same  as  already 
given  for  Fig.  207.    The  flanges,  however, 
should  be  built  up  of  segments  of  two  or 
three  layers  each  as  shown  in  Fig,  212. 
After  gluing  np  tothe  necessary  thickness 
Fig.  212.  tQ  make   the  flangL>,  it  is  sawed   in   two 

hnlvcs,  jointed   and   carcfuily   centi'reil    on  a  wooden  chuck   iind 
turned  to  the  dimensions  nHiiiircd. 


Fig.  21.1 
The  centering  must  Ih^  done  with  accuracy,  or  one  half  of  the 
ilange  ring  will  be  larger  than  the  otiicr.    The  steam  chest  is  next 
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built  ami  fitted  centrally  on  the  upper  half  of  the  cylinder  pattern 
!is  in  Fig.  '2Vi.  The  projections  a,  a,  which  give  the  oxtra  width 
ot  iiK'tul  for  the  bolts  of  the  chest  cover  are  loft  loose,  being  kept 
in  ]>lace  by  long  wires  or  dowel  pins  as  shown  at  c,  o,  so  that  they 
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Fig.  211. 
can  be  withdrawn  separately  from  the  mould  after  the  main  part  of 
the  jKtttem  has  been  taken  from  the  sand.  These  four  strips  should 
be  recessi^l  into  the  comers  of  the  chest  one  quarter  inch,  eis  shown 
by  the  dotted  lines,  to  prevent  them  from  being  rammed  out  of 
place  after  the  dowel  pins  are  taken 
out.  The  boss  i  for  the  valve  rod  stuff- 
ing bos,  and  also  the  boss  i.  around 
the  steaoi-jiipe  opening,  must  be  loose 
so  as  to  be  t^ikeu  out  of  the  mould 
after  the  pattern  has  been  removed.  Fig.  215. 

The  pieces  o,  o,  at  each  end  of  the  steam  chest,  which  form  a 
thickness  of  metal  over  the  steam  ports,  are  next  fitted  in  place,  as 
also  the  exhaust  passage  n-  which  must  be  parted  on  the  line  of 
jiarting  of  the  two  halves  of  the  cylinder  iJJittern. 

The  main  COR'  box 
for  the  cylinder  is 
made  in  the  same  way 
as  has  been  alri^ady 
deseribed  for  Fig.  208. 
The  steam-chest  core  Fig.  216. 

lx)s  is  shown  in  Fig.  214,  in  which  P  is  a  side  view,  one  side  of  the 
box  being  removt^  to  show  the  valve  seat  v,  and  the  core  prints  x, 
z.  and  ij.  which  form  recesses  in  the  coru,  into  which  the  upiM.'r  ends 
of  the  two  steam  inlet  cores,  and  the  central  exhaust  iJiissage  core 
art'  phiced.  Q  is  an  end  view  of  the  bos  with  one  end  removed, 
and  K  is  a  view  looking  into  the  box  from  above. 

For  the  core  forming  the  exhaust  passage,  two  half  core  boxes. 
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(me  right  and  one  left,  will  be  necessary.  One  halt  of  this  box  is 
illustrated  at  S,  Fig.  215,  as  also  a  sectional  view  at  T.  The  dotted 
lines  show  the  manner  in  which  the  passage  is  widened  to  retain 
the  full  size  of  the  opening  throoghoat. 

Only  one  core  box  will  be  needed  for  the  two  steam  ports. 
Three  views  of  the  box  are  given  in  Fig.  216.  At  Gt  one  side  is 
removed,  giving  a  side  view  of  the  ccmstroctioQ  of  the  box.  H  ' 
shows  a  cross  section  through  Q-  with  the  end  u  removed,  and  F  is 
a  view  from  above.  The  core  is  swept  off  on  the  upper  side  for  the 
length  of  c  e,  and  the  bar  s  e  as  well  as  the  end  u  most  be  movable 
so  that  the  core  can  bo  taken  from  the  bos.  Both  ends  of  the  core 
change  from  circnlar 
1  ntostraight  parts  JQst 
at  thi.  entering  of  the 
cylmdcr  and  at  the 
cutcring  of  the  steam 
clicst 

Thy  entire  set  of 
I>at terns  are  simple 
and  easy  of  construc- 
tion if  carefully  niadt' 
drawings  are  furnish- 
ed to  work  from;  the 
time  and  labor  rc- 
([iiirwl,  ik'i)en(ling  ontinOy  ujion  the  size  of  the  cylinder. 

In  Boitii:  slide- valve  cyliuders,  the  steam  chest  is  cast  separate 
and  bolted  to  the  cylimler,  thus  affording  free  access  to  the  valve 
seat  V,  and  ii  Ixrttor  opportunity  for  finishing  and  fitting.  In  this 
citse  the  main  cyliixltT  core  and  the  two  steam  inlet  cores  are  made 
tc^thor  in  the  sauu;  bos,  as  illustratwJ  in  Fig.  217,  in  which  one 
eidi*  of  thi!  core  lx)x  is  cut  away  to  a  depth  of  one  half  of  the  length 
of  the  steam  i>ort  oiR-nings,  or  to  the  line  c,  c,  which  most  be  just 
one  half  of  the  inside  width  of  the  box  as  shown  at  //  and  at  F, 
Fig.  21 G. 

Th(>  iKirt  winch  lias  been  cut  away  is  replaced  by  the  three 
blofks  <r,  a  and  h,  whieli  nn^  Bhu^xHl  to  give  the  required  size  and 
form  to  the  steaiii-iwrt  cores. 


Fig.  217. 
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These  blocks  are  fastened  by  dowels,  loosely,  to  the  main  part 
of  the-  core  box,  and  after  the  core  has  been  rammed  up,  the  whole 
box  and  core  is  turned  over  on  its  face  and  the  main  part  of  the 
box  is  Uft*M.l  off,  after  which  the  two  loose  blocks  a  and  a  can  be 
drawn  away  endwise  and  the  block  h  can  also  be  lifted  out  with 
vasv. 

GLOBE  VALVE. 
The   globe   valve,   shown   in  section  in  Fig.  218,  is  a  good 
illoKtration  of  a  jjattem  in  which,  while  the  outside  may  be  very 
i^imple,  the  iustdo  is  intricate  and  requires  considerable  practice 


Fig  218. 
jiiid  skill  to  so  contract  the  core  boxes  that  the  core  nm  Ix;  with- 
ilriiwn  from  them,  and  at  the  same  time  give  uniform  thicknt-ss  jiiid 
stn  uftth  to  ill]  jKirts  of  the  shell  and  to  the  internal  iwirtitions. 


Fig.  219. 
In  Fig.  219  is  shown  a  sectional  view  of  the  Ixxly  of  the  valve, 
and  in  Fig,  220  an  illustration  of  the  completed   imiIIltu,   from 
which  it  will  be  seen  that  almost  the  entire  work,  with  the  exception 
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of  fitting,  placii^  the  dowel  pins,  and  fonning  the  two  hexagonal 
ends,  is  done  in  the  lathe.  The  constmction  is  shown  in  the 
secti<mal  illostration  of  the  half-pattern.  Fig.  221.  The  wood  for 
the  two  halves  most  be  of  sufficient  length  to  allow  for  gluing  at 
each  end  or  for  the  insertion  of  iron  staples.  In  taming,  the 
greatest  care  most  be  taken  to  center  exactly  on  the  parting  line  of 
the  two  halves. 


Fig.  22a 

A  carefully  shaped  template,  snch  as  is  shown  at  a.  Fig.  221. 
mnst  btj  used  in  tnming.  This  template  may  be  made  of  a  thin 
piece  of  wood,  but  for  all  purposes  for  which  templates  are 
n.'(iuire<l  in  pntteni  making,  and  their  use  is  necessarily  very  great, 
shiH't  zinc  is  the  bi<st  material.  It  is  soft,  and  easily  cut  and 
filed,  and  d(x>s  not  dull  the  cutting  tools  so  much  as  other 
metals 


Fig.  221. 
Bi'fore  marking  out  tlie  template,  that  the  lines  may  be  more 
readily  si^c-n,  it  slioidd  bo  cleaned  with  a  piece  of  emery  cloth  and 
have  a  dark  coating  of  the  following  solution.  Dissolve  an  ounce 
of  Kiilphate  of  ropiter  in  about  four  oimcra  of  water  and  to  this  add 
Olio  teaspoouful  of  nitric  acid.    Treat  the  surface  of  the  ziuo  with 
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this  solution,  rubbing  on  with  a  piece  of  waste.  A  thin  cxxitiug  of 
(■oppcr  will  thus  be  given  to  the  zinc  (also  to  steel  or  iron), 
W'hfii  appliwl  to  finished  surfaces  they  should  be  rubbe<l  dry,  as 
iron  or  sU-\'\  will  be  rusted. 

When  the  curves  of  the  template  will  allow  of  sawing,  the 
zinc  teniplati^-  is  easily  shaped  by  placing  a  piece  of  zinc  of  the 
m-ct-ssary  size  between  two  boards,  and  nailing  them  together.  The 
n-»iuire<l  shape  having  been  drawn  on  the  upper  board,  the  whole 
in.iy  Ik-  sawed  to  the  form  required  on  the  band  saw  or  scroll  saw, 
but  pn-ferably  on  the  latter,  with  a  fine  tooth  narrow  saw  blade 
which  will  give  a  smoother  ctlge  to  the  zinc.  If  the  boards  are 
tinn.  the  metal  will  offer  no  resistance  whatever  to  the  saw,  nor 
will  the  saw  he  jxrceptibly  dulled.  For  small  curves,  lay  the  zinc 
on  a  piecf  of  hanl  board,  and  with  a  pair  of  sharj)  pointed  dividers 
the  zinc  can  be  scratched  half  way 
through  its  thickness,  then  by  turning 
it  over  and  placing  the  dividers  in  the 
same  C4>nter,  the  other  side  may  be  cut 
in  the  same  way,  or  so  nearly  through 
that  it  will  break  off.  This  afforrls  a 
truer  and  more  uniform  curve  than  can 
Im-  obtained  in  any  other  way.  The  legs 
of  th.-  dividers  must  be  stiff  and  firm 
so  a.s  to  be  entirely  free  from  vibration. 
Aft.r  cuttiiif<.  the  ishari>  edges  of  the 
zinc  nifiy  Ije  dn-ssitl  with  a  fine  doubh'- 
i-iit  fill',  or  better  with  fine  emery  cloth 
or  s.ind  pai)er  rolled  over  a  wooden  liolder. 

Tiie  lathe  should  always  be  Btopi)ed 
whfu  testing  the  work  with    the  temphite,  and  f<r<>fit  care   ninsit 
hi-  tiikcn  to  make  the  two  ends  of  the  iKitteni  syminetriral. 

When  the  turning  is  nearly  roinpletctl  the  teniphite  ilRclf  ni.-iy 
U-  testisl  by  reversing  the  ends.  If  not  tmc  it  should  be  fihil  tu 
the  proix'r  shaix-  as  shown  by  the  drawing. 

The  branch  e  must  be  tunic<l  in  the  same  way  as  dcscril>ed  for 
llie  main  iwirt  of  the  ixittem  which  is  jiared  off.  or  planctl  off  in  a 
l;.!^-.-  iNittern.  to  the  exact  b'i/a-  of  the  basi-  of  t!ie  bnmrh.  mid  when 
the  pattern  is  laige  and  heavy,  one  or  two  wood  screws  should  bo 
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used  in  the  tenon  of  the  branch  to  assist  in  keeping  it  in  piace. 
In  all  small  and  moderate-sized  valves,  the  flanges  are  hex- 
agonal in  shape  as  shown  in  Figs.  218  and  220.  The  core  tor  a 
globe  valve  is  made  in  two  parts,  and  the  core  box  (or  each  part 
most  be  made  in  npper  and  lower  half,  making  four  parts  to  the 


1 


Fig.  221. 
Pig.  223. 
core  bos.  This  is  necessary  in  ordor  to  allow  for  the  removal  of 
thu  core  from  the  boses.  The  internal  shape  of  the  boxes  are 
difGcult  to  illustrato  on  paper,  but  if  the  drawings  given  in  Figs. 
222  and  223  are  carefully  studied  in  connection  with  the  sectional 
viewa  o£  the  valvo  shown  in  Fig.  219  their  shape  and  constractiou 
should  be  readily  understood. 


PiR.  225. 


Pig.  226. 


Three  luMitional  illustrations  of  the  core  as  made  in  these  boxes 
arc  shown  in  Figs.  224,  22.'>  nml  22<). 

In  Fig.  222  there  are  two  views  of  the  box  in  which  the  npper 
part  0  of  the  core  shown  in  Fig.  224  is  made.  This  box  separates 
along  the   two  lines  marked  '■Joint"  (Fig.  222)  and,   as  will  bo 
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teaiUly  seen,  allows  the  core  to  be  easily  rctnovtKl  when  the  bos 
is  opened.  The  lower  part  rf,  Fig.  224,  of  the  core  is  mode  in  the 
boi  shown  in  Fig.  223.  The  part  c  has  a  square  tenon  which  fits 
into  the  mortise  in  the  part  d.  This  mortise  is  made  in  the  core  by 
means  of  the  print  marked  Y  in  Fig.  223,  and  as  will  be  seen  by 
Fig.  224,  this  core  tenon  and  mortise  will  bring  the  two  jKirts  of  the 
core  into  perfect  alignment  when  they  arc  pasted  together. 

la  Fig.  225,  we  have  an  outside  view  of  the  completed  core  and 
in  Fig.  226  a  si-ctional  view  through  the  middle  of  the  core, 
k'Ugthwise;  from  which  the  necessity  for  the  tenon  and  mortise 


fTjoneotion  will  be  readily  understood,  this  being  the  only  connection 
Mwt-en  the  two  iKirts  of  the  core.  In  working  out  the  core  boxes 
it  is  well  to  use  templates  which  can  be  formed  anil  niadf  from  tlie 
■Imwings  furnished.  The  templates  will  aid  in  getting  t!ie  proixT 
shaix.-s,  and  leaving  a  unifonn  amount  of  metal  in  all  parts  of 
the  case. 

Figs.  222  and  223  illustrate  the  common  wooden  cort'  Ixix,  b\it 
to  insnre  uniformity,  and  because  of  the  iiecessaiy  we.ir  and 
fragile  character  of  wood  for  boxes  of  this  kind,  these  core  bo.Kes 
shoidd  be  made  of  metal.  The  wooden  iwtteni  for  the  nietiil  core- 
boi  must  then  have  an  allowance  for  double  slirinkage,  and  to 
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avoid  excessive  weight,  the  box  is  made  in  the  form  shown  in  Figs. 
227  and  22H,  In  this  form  all  unnecessary  metal  is  removed  and 
the  connecting  iron  dowel  pins  are  placed  in  lugs  or  thin  outside 
projections  as  indicated. 


of  til 
[Kittr 


Fig.  231. 

Fiy.  22;*  illustrates  the  pattern  for  the  stuffing  box  and  bonnet 
e  valve,  with  core  print  turned  on  each  end,  which,  like  the  main 
rn  of  the  valve  must  be  jmrtecl,  or  made  in  two  halves.  Two 
lioses  are  iH'cissap,'  to  niake  the  core  for  this  jwirt  of  the  valve. 
Fntni  Fii^.  'I'-W  It  will  Ix'  stt^n  that  the  core  bos  for  the  Iowit 
end  of  the  core  can  In-  tnrni^l  out  on  the  lathe  by 
nsin^  a  fenijilatf  of  the  nHjuin'd  shai>e.  For  t hi' 
iip|NT  part  or  stem,  tin-  half  bo.'c  shown  in  Fig.  iil. 
is  ,dl  lliat  is  iiec'ssary.  By  examining;  Ihc  Iwo  cont 
Ik.n.-s.  FIks.  2:U1  and  2:{1.  it  will  be  seen  that  here 
a_i;ain  we  have  nvourse  to  the  tenon  and  socket 
form  of  t-onslniction  for  uniting  the  two  piirts  of 
the  core  wlii.-h  an-  shi>wn  iKistetl  log<-ther  in  the 
oiinpleti-d  cure.  Fig.  '2:V1.  The  nut  tor  the  Iwinnet 
is  sliuwn  in  Fig.  '2'^'-i.  ami  the  iwitteni,  wltieh  is 
hrxagerial.  shmilil  be  so  made  as  to  form  its  own 
■d  by  tlie  dott.->l  iin,-s  in  the  drawing.  Fig.  2:!4 
rn  f.T  I'le  valve  and  alsn  the  [mttern  for  tlie  valve 
ell  will  ferm  its  ,>«i,  eere.  aiul  Fig.  2:tr.  Is  an  illlis- 


if  the  iwitteni  fertile 
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GEAR  WHEEL  PATTERNS. 

Til  this  special  chvss  of  pattern  work,  the  greatest  accuracy 
aii<l  carti  must  be  taken,  not  only  in  building  up  the  rim  of  the 
whf^*l,  but  in  fitting  and  placing  on  the  rim  the  blocks,  out  of 
which   the  teeth  are  to  be  formed,  and  most  of  all  in  laying  out 
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Nut  for  valve 

Valve 

Fig.  234. 

Fig.  2X1 

the  ttn»th  rej^larly  and  accurately  on  the  tooth  blocks.  A  pattern 
for  a  «;ear  whec»l,  whose  teeth  are  carelessly  made  is  almost  worthless, 
thf  time  lost  in  chipping  and  filing,  for  the  purpose  of  correction, 
l>-ing  loo  grrat  to  allow  the  use  of  such  a  jjattem. 


Vah/e  Spindle 
Fig.  ZX). 

To  insure  greater  accuracy  and  smoother  running  gears,  it 
is  now  the  custom  in  many  sho^is  to  havt»  the  wooden  patti^rn 
made  in  the  form  of  a  blank,  (without  teeth)  from  which  a  uu^al 
[isittcm  is  cast. 

This  cast  pattern  is  turned  up  and  plac(Kl  in  tlu?  milling 
machine  where  the  teeth  are  cut  and  spaced  with  accuracy  and 
to  the  exact  form  of  tooth  requin^d.  This  metal  pittcrn  is  used 
without  draft. 
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This  method  of  making  gear  patterns,  however,  is  expensive, 
and  is  nsed  only  when  many  wheels  are  to  be  cast  of  the  same 
size  and  nnmber  of  teeth  from  the  same  pattern,  and,  as  in  the 
case  of  pulleys,  the  wooden  pattern  is  still  nsed  for  all  special 
sizes  of  gears. 

For  these  wooden  patterns  we  shall  now  give  a  few  hints  as 
to  the  best  methods  of  construction.  As  the  form  of  the  tooth 
used  by  the  draftsman  will  play  no  part  in  the  construction  of 
the  pattern,  we  think  it  would  be  out  of  place  here  to  enter  into 
a  discussion  of  the  relative  merits  of  the  single  curve,  double  curve, 
or  other  form  of  tooth. 

The  single  curve  or  involute  tooth,  however,  has  the  great 
advantage  of  being  the  only  form  of  gear  which  can  be  run  at 


Fig.  236. 

varying  distances  of  axes,  and  transmit  an  unvarying  velocity  and 
amount  of  ix)wer.  The  couimon  contention  that  two  gears  will 
crowd  harder  on  their  bearings  wh(»n  the  single  curve,  or  involute 
form  is  usihI,  has  not  been  proven  in  actual  practice.  The  practical 
methods  for  obtaining  the  curvt»s  for  either  the  involute  or  for  the 
ei)icycloidal  tooth,  the  two  forms  in  most  common  use,  are  taken 
ui)  in  Mechanical  Drawing. 

Ill  the  illustrations  here  given  the  single  curve  fonn  of  tooth 
is  nsixl. 

In  tlie  construction  of  gear-wheel  ixittems,  the  methods 
employed  in  making  and  fastening  the  tooth,  or  the  blocks  out  of 
wliich  the  te(»th  are  to  be  formed,  to  the  rim  of  the  whc^el,  varies 
greatly.  It  was  formerly  the  custom  to  dovetail  the  tooth  into  thi» 
rim  of  the  wheel  as  shown  in  Fig.  236.  This  was  the  case  esi)ecially 
when  the  teeth  wtTC  large,  as  in  2  i)itch  or  larger. 
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This  in,  liowever,  an  unnecessary  espense  and  a  waste  of 
time,  and  in  addition,  the  cutting  of  tbe  dovetails  and  the  driv- 
ing Iionie  of  tlie  dovctaiU^d  tooth,  often  have  the  effect  of  dis- 
torting the  rim  to  some  extent.  A  better,  or  at  least  a  more 
economical  method  is  to  fit  the  tooth  blocks  as  shown  in  Fig.  237, 
which  for  strength  and  durability  is  found  to  be  in  no  way 
inferior  to  dovetailing,  and  the  saving  of  labor  and  time  is  very 
great. 

lu  this  method  we  have  always  the  advantage  of  a  smooth, 
clean  fillet  at  the  root  of  each  tooth,  and  having  the  grain  of  the 
wood,  not  only  for  the  fillets,  but  also  on  the  whole  depth  circle, 
run  in  the  same  direction  as  the  grain  of  the  wood  which  forms  the 
tooth.  This  moans  a  smoother  pattern,  more  easily  moulded,  and 
a  better  casting. 


U 


In  the  former  method,  Fig.  2:)fi,  it  is  almost  imiwssibhi  to  form 
a  fillet  on  ejich  side  of  tho  tooth,  as  it  runs  off  to  a  thin  feather 
edge  which  continually  splinters  and  chiiJS  off;  still  further,  the 
bottom  of  the  tooth  siwoe,  that  is,  the  whole  depth  circle  is  the 
rim  of  the  wheel,  composed  of  layurs  of  segments  with  changing 
grain  which  will  not  mould  so  smoothly  as  in  the  second  method. 

The  blocks  for  the  teeth  should  alwjiys  bo  cut  in  stri^is  two  or 
three  feet  in  length,  in  onlor  to  thoroughly  season  the  woo<i,  at 
least  so  far  as  it  is  possible  to  do  so,  while  other  parts  of  the  wheel 
are  bi-ing  eoustmcted. 
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Only  Btmigbt-graitMBd  wood  should  be  rsaed  for  teeth.  The 
Begments  for  building  np  the  rim  should  be  cut  out  next,  then  the 
anns  put  bother  and  shaped  as  required.  It  is  a  good  plan  to 
fasten  the  amis  central  to  the  face  plate  of  the  lathe,  and  to  tarn 
out  a  recess,  say  -^  inch  or  ^  inch  deep  to  receive  tbe  hnba  as 
shown  in  Fig.  238.  This  makes  a  stronger  connection  and  does 
away  with  the  trouble  of  fitting  and  connecting  the  hub,  with  the 
thiQ  feather  edge  of  the  hub  fillet,  to  tbe  surface  of  the  web  of  the 


Fig.  2:{3. 

arms.  The  siiiiu!  mctliod  is  of  great  advantage  when  fitting  the 
hubs  of  inilli'js  and  otluT  wht'cls.  The  arms  must  be  put  tc^'tber, 
with  insi'rti'd  tongiu's  in  the  joints,  as  illustrated  and  described  iu 
Fig.  If'tM;  and  if  they  are  to  be  ivorkt^l  to  an  elliptical  section,  it  is 
I'iisitT  to  do  this  before  fising  them  in  the  wheel.  At  A,  Fig.  238, 
tlic  constniofiou  of  the  arms  is  shown,  and  at  B  the  core  prints, 
hubs  and  arms,  with  thi^  manner  of  connecting  these  parts. 

After  building  up  enough  courses  of  segments  to  equal  half 
the  width  of  the  rim  plus  half  tliL-  thickuoss  of  the  arms,  the  inside 
only  of  this  jjiirt  of  the  rim  is  turned  out  to  the  retpiired  shape. 
including  the  riritnd  rib  a  Fig.  2:19,  which  must  bo  of  a  thickness 
just  et^uid  tu  tlio  thickness  of  the  ends  of  the  arms.  The  recesses  to 
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lec^iTv  i^Sft^sir  «»2?  izv  iir*ir  nz  zui:  Txi>  Xtuz  r^3r^  laii.  zxk  ijrtst<  z^^^v:. 

cause  h    to  551^1^  ifkeff  h  »  z'«iD:'n-»£  fr,TiiL  lit    ciiici      Tbe 
re-ffiaining  ctc^sc^t^  frr  li^e  r3i  iL?»^  ii.*«^  f ttc^  iLui  c^ii-u  .xi.  jin,:  zW 

Tb^  fa^:^  si)iC«Ljd  be-  2?Tic-?2aei£  ic*  ype^ajv  ii  for  lit  KLvk  ^icfe 
are  to  f one  tbe  Xk^cA  -oi  1^  ^ult. 

After  ^^r^  *=id  T^'zj^'^zzis:  tbr  nif»c*i  ir^aiai  of  lit  wvvxl  lio 
periphery  of  tie  miciel  e;ik5  br  f^UhXitl  fee  lie  iv^idr^^  au:x:ivjr 


E 


Fi?.i3&. 


Fig,  SIL 


FiiT,  iMiV 


of  te(»th.  With  a  try  si^uare  and  ver}'  sharj)  awl  ilnov  liiu^s  thnmj»h 
the  points  obtainixl  by  the  spicing  as  shown  in  Fig.  -10.  ShouKl 
the  t4.vth  be  of  moderate  size,  say  3  pitch  or  less,  the  ttx^th  bUvks 
should  be  glued  on  sc  as  to  meet  eiich  other  on  the  rini  of  the 
wheel  as  shovm  in  Fig.  241. 

Each  block  must  be  so  fittiKl  as  to  n^ach  only  from  line  to  line, 
Fig.  240,  ciire  being  taken  to  have  each  bliH»k  iwirnllol  U\  and 
coincide  with  its  own  line,  reaching  exactly  to  thv  llti<\  \VlnMi 
all  the  blocks  are  placed  and  ghunl,  the  \v1uh»1  is  n^turninl  to  tlu> 
latl  0  and  the  periphery  tunuHl  off  straight  and  to  tlie  nMiuiitnl 
diametiT  for  the  addondimi,  or  oxtronu^  ends  of  the  tr««th.  'V\n^ 
ends  of  the  blocks  are  also  turned  even  with  tlu»  edge  of  tlie  wheel  rim, 
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iv«-  thtst'  ends  are  now  cut  into  this  half  rim,  and  the  amis  fittiKl 

glintl  in  i^lace  but  not  so  tightly  as  to  strain  the  rim  and 

se  it  to  spring  after  it  is  removed  from  the  chuck.     The 

laiiiing  courses  for  the  rim  are  now  fitted  and  glued  on,  and  the 

i  t  nnit-d  and  finisht*d  to  the  required  size  and  shape. 

The  hice  should  be  glue-sized  to  prepare  it  for  the  blocks  which 
-  to  form  the  teeth  of  the  gear. 

After  sizing  and  removing  the  raised  grain  of  the  wood,  the 
ri|)hrn'  of  the  wheel  must  be  spaced  for  the  required  number 


c^3^^ 


Fi^.  239. 


Fig.  241. 


Fijr.  lilo. 


of  Ui'th.  With  a  try  square  and  very  sharp  awl  draw  lines  through 
tlu-  ix>ints  obtained  by  the  simcing  as  shown  in  Fig.  210.  Should 
the  teeth  be  of  moderate  size,  say  3  i^itch  or  less,  the  tooth  blocks 
should  be  glued  on  so  as  to  meet  each  other  on  the  rim  of  the 
whe^'l  as  shown  in  Fig.  241. 

Each  block  must  be  so  fitted  as  to  reach  only  from  line  to  line, 
Fig.  240,  care  being  taken  to  have  each  block  i)arallel  to,  and 
coincide  with  its  own  line,  reaching  exactly  to  the  line.  When 
all  the  blocks  are  placed  and  glued,  the  whe(4  is  returned  to  the 
latl  e  and  the  periphery  turned  oflf  straight  and  to  the  recjuired 
diameter  for  the  addendum,  or  extreme  ends  of  the  teeth.  The 
puds  of  the  blocks  are  also  turned  even  with  the  (xlge  of  the  wheel  rim, 
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of  tho  wheel  with  accaracy,  the  teeth  laid  oat  on  the  two  sides 
will  be  tme  and  perpendicnlar  to  each  other,  a  spacing  line 
forming  the  exact  center  oE  each  tooth,  and  for  this  reason  tfaeBO 
lines  shonid  always  be  very  light  but  sharp  and  clearly  defined. 

For  convenience  in-  cutting  and  poring,  a  second  series  <^ 
lines  should  now  be  drawn  across  the  face  of  each  block  connecting 
the  extreme  ends  of  the  lines  which  describe  the  shape  of  the  toot  t^ 
on  each  end  of  the  block.  Should  the  wheel  be  small  Bn<^^ 
within  the  capacity  of  the  band  saw,  all  superSnous  wood  ma^^ 
easily  be  removed  from  between  the  teeth. 

If  the  band  saw  is  sharp 
and  evenly  set,  and  the  operator 
skillful,  the  teeth  may  be  sawed 
so  as  to  need  but  very  slight 
correction  with  the  paring  chisel 
and  gouge. 

As  the  hubs  osnally  project 
beyond  the  rim  on  each  side  of  the 
whf^'l,  they  should  be  left  loose 
and  removed  before  placing  the 
wheel  on  the  saw  table. 
For  liirgi!  wheels  and  hi-iivier  teeth,  each  tooth  block  should  be 
uiiBcn'wcd  Hiiil  ri'movcil,  o1l(^  at  a  time,  and  plimt-d  to  the  lim^ 
UKirktHi  on  its  ends  and  f<i<'i',  niWi  whit-h  it  is  returned  to  its  place 
before  a  second  one  is  taken  off.  This  is  contiiiutKl  tintil  all  the 
tt'oth  am  sliiiix-d,  when  it  will  be  uiTessary  only  to  coustnict  tillcts 
at  the  base  of  thti  teeth,  and  also  to  work  ench  si«ice  down  to  the 
irliiil<:  di'jitli.  ehvle,  the  circle  having  bei'ii  drawn  for  this  purjwse, 
and  also  Ji8  a  guide,  for  bringing  all  tooth  spaces  to  the  same 
depth. 

Wuiidl  gears,  or  pinioua  an  they  are  cjdl*^!,  are  nsujtily  made 
with  JL  solid  web  instfnd  of  anns,  ;ind  are  glutd  up  in  solid  bloi-ts 
of  end  wood,  the  grain  of  the  entire  blo(^k  running  xiarallel  with  the 
fact!  of  the  teetli.  Such  an  end  wood  pinion  is  shown  in  Fig.  243. 
It  is  tunictl  and  the  gi'iir  laid  out  and  cut  in  the  same  way  as 
di'9cribe<l  for  the  larger  wheels,  except  that  the  tt'cth  are  not  glued 
on  but  cut  out  in  the  solid  disc.  In  the  construction  shown  in 
Fig.  241,  the  teeth,  not  being  screwed  on,  must  be  nailed  with  brads, 
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gftrr  being  shaped  and  finished,  from  tho  face  of  each  tooth  into 
thetim. 

pBtleras  for  Bevel  Qears  are  built  up  as  illostrated  at  «, 
Fig. iW,  the  wooden  face-plate,  or  chnck,  being  provided  with  ten 
ot  mon'  radial  blocks  lis  shown  and  described  in  Fig.  168.  The 
alranlageof  the  blocks  is  that  they  keep  the  first  layer  of  segments 
oqI  from  the  face-plate  and  give  easier  access  to  the  back  edge  or 
ingle otthe  rim  while  being  turned. 

The  s«.^;ments  are  usually  made  to  overlap  as  shown,  which  is 
not  only  a  saving  of  wood  but  also  saves  the  time  which  would  be 
required  to  tmTi  the  angu- 
lar rim  from  a  square  con- 
strnclioQ.    When   a   suffi- 
fient  number   of   courses 
liavfbcen  built  up,  the  face 
ami  t»o  edges  are  turned 
lo  (he  requiR-d  angles,  as 
indicated    by    the    dotted 
lines  in  a.  Fig.  244.    The 
rih  c  which  will  finally  be  a 
fonliiiuation  of  the  arms, 
is  aJ.so  turned  to  shape  and 
lotlie  thickness  of  the  ends 
of  the  arms.  The  rim  will 
then   present  the  appear- 
ance shown  at  J,  Fig.  244, 
eicept  the  arms  which  are 
here  shown  in  place. 

The  rim  is  next  cut  from  the  blocks,  and  an  angular  groove 
turned  in  tho  face  of  the  chnck  which  will  fit  and  ciriter  the 
finished  edgt;  of  the  rim  on  the  faceplate.  In  this  position  the 
inside  of  the  rim  is  turned  aud  finished  as  shown  in  Fig.  24.5. 
The  rim  is  retained  on  the  chuck  by  four  or  six  eleats,  (/, 
Fig.  24.>,  the  cleats  fitting  over  the  rib  c,  Fig.  244,  and  preventing 
the  rim  from  moving  and  changing  its  position  on  the  chnck. 

It  is  not  necessary  here  to  describe  the  method  used  in  fiading 
the  required  angles  for  the  face  and  edges  of  the  rim,  but  as  in 
the  case  of  8pur^;ear  teeth,  the  student  should  refer  to  Mechanical 
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Drawing.  The  arms,  i)artly  shown  in  Fig.  246,  in  place  in  Fig. 
244,  are  next  fitted  and  fastened  to  the  rim.  Itis  well  toglnea 
small  disc  on  each  side  of  the  web  of  the  arms  as  shown  in  Fig. 
246,  which  not  only  strengthens  the  arms,  but  senres  as  a  fillet 
around  the  hub  of  the  wheel. 

The  blocks  for  the  teeth  are  next  fitted  in  place,  either  as 
illustrated  in  Fig,  247,  or  in  the  form  of  alternate  blocks  and 
*  strii^s  as  was  shown  for  the  spur  gear.  Fig.  237.  After  all  the 
blocks  are  in  place,  the  wheel  must  be  put  in  the  lathe  and 
tuniixl  to  the  sizes  and  angles  required  for  laying  out  the  teeth. 
A  sharp  line  must  be  drawn  on  the  face  of  the  blocks,  while 
in  the  lathe,  to  ser\'e  as  a  guide  for  the  dividers  while  spacing  the 
teeth. 


FifT.  246. 
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Vig.  248. 


To  obtain  the  center  lines  for  the  tooth  faces  after  simcing  on 
the  blocks,  it  will  be  readily  seen  that  the  ordinary  try  square 
cannot  be  nsed  as  in  t\w  case  of  the  si)ur  gears.  A  tomporar}' 
sqnan^  ninst  In*  madt'  for  this  purpose  as  follows: 

Take*  a  piect*  of  hard  wood,  about  0  inches  long  and  3J  incheri 
\vid(^  and  i  inch  in  thickness.  Dress  the  two  edges  i)erfectly 
^xirallel  and  from  the  uppT  cnlge  (f^  Fig,  248,  with  a  try  square  and 
a  sharj)  iiointed  knife,  draw  the  line  r,  equally  distiint  from  each 
end  of  A,  and  at  right  angh^s  to  the  edge  a.  Lay  the  edge  // 
of  A,  against  another  board  B,  of  the*  same  thickness,  and  continue 
th(^  lint^  ('  o.  this  board  as  shown  by  the*  dotted  line.  With  the 
diviiU»rs  set  to  a  radins  eeiual  to  the  longe^st  radius  of  the  outside 
t'nils  of  {\w  t(K)t]i  blocks,  from  the  extended  lint*  r  on  the  board  B, 
describe  the  an*,  ./•    //  on  A.     Cut  the  edge  />,  to  this  arc  and  set* 
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.  fits  perfectly  the  outer  rim  of  the  tooth  block.  Next  make 
blade  of  bard  wood  and  screw  to  the  head  A,  using  the 
5t  care  to  have  one  edge  of  the  blade  coincide  exactly  with 
e  r.  After  screwing  the  blade  to  the  head,  its  accuracy  may 
ted  by  placing  a  try  square  against  the  edge  a.  The  result 
» as  shown  in  Fig.  249,  in  which  the  edge  c  is  radial  to  the 
y.  This  edge  will  describe  the  center  lines  of  the  teeth 
y  as  required. 


/,$$$!Q!!ii\\\ 


Fig.  247. 

^his  teinix)rary  square  can  be  used  up  to  a  certain  limit,  on 
is  of  larger  diameter  than  that  to  which  it  has  been  fitted,  but 
)t  be  usixl  for  smaller  wheels.  For  larger  gears  the  ix)sition 
be  as  shown  in  Fig.  250,  which  will  give  the  correct  per- 
cnlar  if  the  angles  at  x  and  //  are  carefully  made.  By  using 
s  way,  only  a  few  8([uares  will  b(»  needed  for  a  great  number 
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of  wheels.  In  Fig.  247  the  hub  H  and  the  ribs  of  the  arms  R  B, 
are  often  made  loose  so  as  to  lift  with  the  cope,  which  is  of  great 
advantage  in  moidding.  When  the  teeth  are  large,  they  must  be 
screwed  on  from  the  inside  of  the  rim.  If  small,  they  should  be 
braded  from  the  outside,  or  face  of  the  tooth,  into  the  rim  after 


Fig.  249. 


Fig.  250. 


the  teeth  have  been  shaped  and  finished.  Two  templates  will  be 
necessary  for  laying  out  the  ends  of  the  teeth,  the  outer  ends 
being  larg(*r  than  tha  inner.  These  templates  are  made  as  de- 
scribed for  spur  gears,  and  have  the  outer  end  bent  to  fit  over  the 
angles  of  the  rim. 

COLUMN  PATTERNi 

(^ast-irou  columns  are  often  ornamented  or  fluted  as  shown  in 
the  half  section  of  a  fluted  column  in  Fig.  251.  In  all  such 
cases  the  body  of  the  pattern  is  made  octagonal  as  shown  by  the 
A  E  ^      li^i^^  ABODE.     The  loose  pieces  form- 

ing the  flut(^s  are  held  to  the  main  baly 
by  pins  that  stand  at  right  angles  to 
the  lint*  A  E.  After  the  sand  has  Ix^en 
rammed,  the  body  includiHl  in  the  lines 
A  BODE  is  lifted  out  leaving  the  i)arts 
A  a  h  B,  B  If  <'  C,  etc.,  imlMMlded  in  the  sand.  Then  one  after 
anotlier  these  are  lifted  out. 

These  fluted  sections  should  never  b(*  so  few  in  number  that 
they  cannot  be  lift(^d  out  without  tearing  the  sand.  Eight  or 
twelve  sections  will  be  niH'diHl. 

Other  forms  of  ornamentation  are  put  upon  colunms  in  a 
similar  manner.     Leaves  or  flowers  are  held  by  pins  or  in  grooves 
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in  such  a  way  that  tht^  main  body  of  the  pattern  can  be  lifted  out 
without  disturbing  them,  and  they  are  then  withdrawn  from  the 
sand  through  the  cavity  left  by  the  main  pattern. 

Cores  for  Columns.  Cores  for  columns  may  be  made  in  core 
Ws  as  in  the  case  of  those  for  pipe,  but  where  the  core  is 
loug  and  straight  no  core  box  is  needed.  The  core  is  usually 
built  of  loam  about  an  iron  pi^x)  as  explained  in  Foundry  Work. 
Where  the  core  is  to  follow  the  lines  of  the  ornamental 
mouldings  on  the  outside  of  the  column,  it  may  be  provided  with  a 

special  core  box  or  better  with  a 
sweep  as  shown  in  Fig.  252.  This 
sweep  is  used  to  shape  the  loam 
core  that  is  to  be  built  up  on  an 
iron  pipe.  Fig.  252  is  the  out- 
line of  the  template  that  is  to  be 
used  in  sweeping  the  core  for  the 
interior  of  the  columns  shown 
in  Fig.  253. 

Follow  Boards.  All  thin 
patterns  that  are  likely  to  suffer 
distortion  from  the  pressure  of 
the  sand  while  Ix^ng  rammed  up, 
must  be  i:)rovided  with  accurately 
fitting  follow  boards.  These  fol- 
low lx)ards  may  1k»  niad(>  to  fit 
on  either  one  or  other  of  the 
sides  of  tlie  i)atterii. 

When  the  outlines  of  the 
lxttt«*rn  are  very  irregular,  tlie  follow  boards  an^  ofttMi  made  of 
[)last<'r  or  other  comiX)sition,  which,  when  dry,  is  used  to  supix)rt 
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Y\^.  2r>2. 


Fig.  2r>.']. 


the  i>attern  while  the  drag  is  being  rammed. 


FIl'.  -.'ii. 


Fig.  254  represents  a  section  of  a  railing  cap.     If  the  pattt^ni 
B  were  to  be  set  with  the  edgt?s  a  a  resting  \\\yo\\  the  moulding 
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board  and  the  sand  of  the  drag  rammed  down  npon  its  upper 
face,  it  would  be  sprung  out  of  shape.  To  avoid  this  the  follow 
board  A  is  made  to  exactly  fit  the  under  side  of  the  x)atteni.  Then 
when  the  sand  is  rammed,  the  whole  pattern  is  8upix)rt^  and  there 
will  be  no  distortion.  When  the  cope  is  rammed  the  follow  board 
is  removed  and  the  sand  of  the  drag  supports  the  ixitteni  while 
the  cope  is  being  rammed. 
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MACHINE  DESIGN. 


PART  I. 

Definitloii.     Machine  Design  is  the  art  of  mechanical  thought 
Jerelopment,  and  specilication. 

It  ia  an  art,  in  that  its  routine  procesR^s  can  be  analyzed  and 
syeteinatically  applied.  Proficiency  in  the  art  positively  cannot 
oe  attained  by  any  <^  short  cut ''  method.  There  is  nothing  of  a 
>pectacnlar  nature  in  the  methods  of  Machine  Design.  I^rge 
results  cannot  be  accomplished  at  a  single  bonnd,  nnd  success  is: 
]iussib1e  only  by  a  patient,  step-by-step  advance  in  accordance 
with  well-established  principles. 

^^ Mechanical  thought"  means  the  thinking  of  things  strictly 
from  their  mechanical  side;  a  study  of  their  median icai  theory, 
structure,  production,  and  use;  a  consideration  of  their  mechanical 
fitness  as  parts  of  a  machine. 

<' Mechanical  development"  signifies  the. taking  of  an  kh^i  in 
the  rough,  in  the  crude  form,  for  example,  in  which  it  comes  from . 
the  inventor,  working  it  out  in  detail,  and  refining  and  fixing  it  in 
shape  by  the  designing  process.     Ideas  in  this  way  may  hecoine 
commercially  practicable  designs. 

•'Mechanical  specification"  implies  tlie  detailed  description 
of  designs,  in  such  exact  form  that  the  shop  workmen  are  enahlcc! 
to  construct  completely  and  put  in  oj)enition  tlie  machines  rej)re- 
sented  in  the  desijxns. 

The  object  of  Machine  Design  is  the  creation  of  niaebinery 
for  sjiecific  purjjoses.  Every  department  of  a  manufaeturintj 
plant  is  a  controlling  factor  in  the  dej^i<^n  and  production  of  tlio 
machines  built  there.  A  successful  de^iirii  cannot  be  out  of 
harmony  with  the  ortmnized  methods  of  i)ro<]uetion.     Ilenco  in 

.  O  I 

the  high  development  of  the  art  of  ]N[aeliini^  J)e^is:n  is  involved  a 
knowledge  of  the  operations  in  all  the  departments  of  a  nianu- 
facturing  plant.  The  student  is  there foio  urj^iMl  not  only  to 
ft\miliarize  himself  with  the  dircK:*t  production  of  machinery,  but  lo 
study  the  relation  thereto  of  the  allied  '^timniercial  departments 
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lie  should  get  into  tlie  spirit  of  business  at  the  start,  get  into  the 
shop  atmosphere,  execute  his  work  just  as  though  the  resulting 
design  were  to  be  built  and  sold  in  competition.  He  should  visit 
shops,  work  in  them  if  possible,  and  observe  details  of  design  and 
methods  of  finishing  machine  parts.  In  this  way  he  will  begin 
to  store  up  bits  of  information,  practical  and  commercial,  which 
will  have  valuable  bearing  on  his  engineering  stuay. 

The  labor  involved  in  the  design  of  a  complicated  automatic 
machine  is  evidenced  by  the  designer's  wonderful  familiarity  witJ^ 
its  every  detail  as  he  stands  before  the  completed  machine  ii> 
operation  and  explains  its  movements  to  an  observer.  The  intri- 
cate mass  of  levers,  shafts,  pulleys,  gears,  cams,  clutches,  etc.,  etc., 
packed  into  a  small  space,  and  confusing  even  to  a  mechanical 
mind,  seems  like  a  printed  book  to  the  designer  of  them. 

This  is  so  because  it  is  a  familiar  journey  for  the  designer's 
mind  to  run  over  a  path  which  it  has  already  traversed  so  many 
times  that  he  can  see  every  inch  of  it  with  his  eyes  shut.  Every 
detail  of  that  machine  has  been  picked  from  a  score  or  more  of 
possible  ideas.  One  by  one,  ideas  have  been  worked  out,  laid 
aside,  and  others  taken  up.  Little  by  little,  the  special  fitness  of 
certain  devices  has  become  established,  but  only  by  patient,  care- 
ful consideration  of  others,  which  at  first  seemed  equally  good. 

Every  line,  and  corner,  and  surface  of  each  piece,  however 
email  that  ])iece  may  be,  has  been  through  the  refining  process  of 
theoretical,  ])ractical,  and  commercial  design.  Every  piece  has 
been  followed  in  the  mind's  eye  of  its  designer  from  the  crude 
material  of  which  it  is  made,  through  the  various  processes  of  fin- 
^jsLing,  to  its  final  location  in  the  completed  machine;  thus  its 
bodily  existence  there  is  but  the  realization  of  an  old  and  familiar 
picture. 

AVhat  wonder  that  the  machine  seems  simple  to  the  designer 
of  it!  As  he  looks  back  to  the  multitude  of  ideas  invented, 
worked  out,  considered  and  discarded,  the  machine  in  its  final 
form  is  but  a  trifle.     It  merely  represents  a  survival  of  the  fittest. 

Ko  successful  machine,  however  simple,  was  ever  designed 
that  did  not  go  through  this  slow  process  of  evolution.  No 
machine  ever  just  simply  happened  by  accident  to  do  the  work 
for  which  it  is  valued.     No  other  principle  upon  which  the  sue- 
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CissM design  of  machinery  depends  is  so  important  as  this  careful, 
patient  coasideration  of  detail.  A  machine  is  seldom  unsuccessful 
Wusesome  main  point  of  construction  is  wrong.  The  principal 
features  of  a  machine  are  usually  the  easiest  to  determine.  It  is 
a  failure  because  some  little  detail  was  overlooked,  or  hastily  con- 
sidered, or  allowed  to  be  neglected,  because  of  the  irksome  labor 
necessary  to  work  it  out  properly. 

There  is  no  task  so  tedious,  for  example,  as  the  devising  of 
the  method  of  lubricating  the  parts  of  a  complicated  machine. 
Yet  there  is  no  point  of  design  so  vital  to  its  life  and  operation  as 
an  absolute  assurance  of  an  adequate  supply  of  oil  for  the  moving 
}>arts  at  all  times  and  under  all  circumstances.     Suitable  means 
often  cannot  be  found,  after  the  parts  are  together,  hence  the 
niachine  goes  into  service  on  a  risky  basis,  with  the  result,  per- 
haps, of  early  failure,  due  to  "running  dry."     Good  designers 
vill  Dot  permit  a  design  to  leave  their  hands  which  does  not  pro- 
vide practically  automatic  oiling,  or  at  least  such  means  of  lubri- 
cation that  the  operator  can  offer  no  excuse  for  neglecting  to  oil 
his  machine.     This  is  but  a  single  illustration  of  many  which 
might  be  presented  to  impress  the  definite  and  detail  character 
necessary  in  work  in  Machine  Design. 

Relation.  The  relation  which  Machine  Design  should  cor- 
rectly bear  to  the  problems  that  it  seeks  to  solve,  is  twofold;  and 
there  are,  likewise,  two  points  of  view  corresponding  to  this  two- 
fold relation,  from  which  a  study  of  the  subject  should  be  traced. 
Neither  of  these  can  be  discarded  and  an  efiicient  mastery  of  the 
art  attained.     These  points  are — 

L    Theory. 
II.    Production. 

I.  Theory.  From  this  point  of  view,  Machine  Design  is 
merely  a  skeleton  or  framework  process,  resulting  in  a  repre- 
sentation of  ideas  of  pure  motion,  fundamental  shape,  and  ideal 
proportion.  It  implies  a  working  knowledge  of  physical  and 
mathematical  laws.  It  is  a  strictly  scientific  solution  of  the 
problem  at  hand,  and  may  be  based  purely  on  theory  which  has 
been  reasoned  out  by  calculation  or  deduced  from  experiment. 
This  is  the  only  sure  foundation  for  intelligent  design  of  any  sort. 

But  it  is  not  enough  to  view  the  subject  from  the  standpoint 
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of  theory  alone.     If  we  stopped  here  we  should  have  nothing  but 
mechanisms,   mere    laboratory   machines,   simply    structures  of 
ingenuity  and  examples  of  fine  mechanical  skill.     A  machine  may 
be  correct  in  the  theory  of  its  motions;  it  may  Ije  correct  in  the 
theoretical  proportions  of  its  parts;  it  may  even  be  correct  in  its 
operation  for  the  time  being;  and  yet  its  complication,  its  mis- 
directed  and  wasteful  effort,  its  lack  of  adjustment,  its  expensive 
and  irregular  construction,  its  lack  of  compactness,  its  difficulty 
of  ready  repair,  its  inability  to  hold  its  own  in  competition — any 
of  these  may  throw  the  balance  to  the  side  of  failure.     Such  a 
machine,  commercially  considered,  is  of   little  value.     No  shop 
will  build  it,  no  machinery  house  will  sell  it,  nobody  will  buy  it 
if  it  is  put  on  the  market. 

Thus  we  see  that,  aside  from  the  theoretical  correctness  oi 
principle,  the  design  of  a  machine  must  satisfy  certain  other 
exacting  requirements  of  a  distinctly  business  nature. 

II.  Production.  From  this  point  of  view.  Machine  Design 
is  the  practical,  marketable  development  of  mechanical  ideas. 
Viewed  thus,  the  theoretical,  skeleton  design  must  be  so  clothed 
and  shaped  that  its  production  may  be  cheap,  involving  simple 
and  efficient  processes  of  manufacture.  It  must  be  judged  by  the 
latest  shop  methods  for  exact  and  maximum  output.  It  must 
possess  all  the  good  points  of  its  competitor,  and,  withal,  some 
novel  and  valuable  ones  of  its  own.  In  these  days  of  keen  com- 
petition it  is  only  by  carefully  studied,  well-directed  effort  toward 
rapid,  olHcient,  and,  therefore,  cheap  production  that  any  machine 
can  be  brought  to  a  commercial  basis,  no  matter  what  its  other 
merits  may  be.  All  this  must  be  thought  of  and  planned  for  in 
the  design,  and  the  final  shapes  arrived  at  are  quite  as  much  a 
result  of  this  second  point  of  view  as  of  the  first. 

As  a  good  illustration  of  this,  may  be  cited  the  effect  of  the 
present  somewhat  remarkable  development  of  the  so-called  "high 
sjx3ed  "  steels.  The  speeds  and  feeds  ])ossible  with  tools  made  of 
these  steels  are  such  that  the  driving  power,  gearing,  and  feed 
mechanism  of  the  ordinary  lathe  are  wholly  inadequate  to  the 
demands  made  upon  tliem  when  working  the  tool  to  its  limit 
This  means  that  the  basis  of  design  as  used  for  the  ordinary  tool 
steel  will  not  do,  if  the  machine  is  expected  to  stand  up  to  the 
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cuts  possible  with  the  new  steels.     Hence,  while  the  old  designs 

were  right  for  the  old  standard,  a  new  one  has  been  set,  and  a 

thorough  revision  on  a  high-speed  basis  is  imminent,  else  the 

market  for  them  as  machines  of  maximum  output  will  be  lost. 

From  these  definitions  it  is  evident  that  the  designer  must 

Dot  only  use  all  the  theory  at  his  command,  but  must  continually 

iDform  himself  on  all  processes  and  conditions  of  manufacture, 

and  keep  an  eye  on    the  tende.'^/'y  of   the  sales  markets,  both 

ol  raw  material  and   the  finished  machinery  product.     This  is 

what  in  the  broadest  sense  is  meant  by  the  term  "  Mechanical 

Thought,"  thought  which  is  directed  and  controlled,  not  only  by 

theoretical  principle  but  by  closely  observed  practice.     From  the 

feeblest  pretenders  of  design  to  those  engineers  who  consummate 

the  boldest  feats  and  control  the  largest  enterprises,  the  process 

which  produces  results  is  always  the  same.     Although  experience 

13  pecessary  for  the  best  mechanical  judgment,  yet  the  student 

must  at  least  begin  to  cultivate  good  mechanical  sense  very  early 

in  his  study  of  design. 

Invention.  Invention  is  closely  related  to  Machine  Design, 
but  is  not  design  itself.  Whatever  is  invented  has  yet  to  be 
designed.  An  invention  is  of  little  value  until  it  has  been  refined 
by  the  process  of  design. 

Original  design  is  of  an  inventive  nature,  but  is  not  strictly 
inyention.  Invention  is  usually  considered  as  the  result  of  genius, 
and  is  announced  in  a  flash  of  brilliancy.  We  see  only  the  flash, 
but  behind  the  flash  is  a  lon^  course  of  the  most  concentrated 
brain  effort.  Inventions  are  not  spontaneous,  are  not  thrown  off 
lite  sparks  from  the  blacksmith's  anvil,  but  are  the  result  of  hard 
and  applied  thinking.  This  is  worth  noting  carefully,  for  the 
same  effort  which  produces  original  design  may  develop  a  valuable 
invention.  But  there  is  little  possibility  of  inventing  anything 
except  through  exhaustive  analysis  and  a  clear  interpretation  of 
such  analysis. 

Handbooks  and  Empirical  Data.  The  subject  matter  in 
these  is  often  contradictory  in  its  nature,  but  valuable  nevertheless. 
Empirical  data  are  data  for  certain  fixed  conditions  and  are  not 
general.  Hence,  when  handbook  data  are  applied  to  some  specific 
case  of  design,  while  the  information  should  be  used  in  the  freest 
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manner,  yet  it  most  not  be  forgotten  that  the  case  at  hand  is  prob- 
ably different,  in  some  degree,  from  that  upon  which  the  data  were 
based,  and  unlike  any  other  case  which  ever  existed  or  will  ever 
again  exist.  Therefore  the  data  should  be  applied  with  the  greatest 
discretion,  and  when  so  applied  will  contribute  to  the  success  of 
the  design  at  least  as  a  check,  if  not  as  a  positive  factor. 

The  student  should  at  the  outset  purchase  one  good  handbook, 
and  acquire  the  habit  of  consulting  it  on  all  occasions,  checking 
and  comparing  his  own  calculations  and  designs  therefrom.  Care 
must  be  taken  not  to  become  tied  to  a  handbook  to  such  an  extent 
that  one's  own  results  are  wholly  subordinated  to  it.  Independence 
in  design  must  be  cultivated,  and  the  student  should  not  sacrifice 
his  calculated  results  until  chey  can  be  shown  to  be  false  or  based 
on  false  assumption.  Originality  and  confidence  in  design  will  be 
the  result  if  this  course  be  honestly  pursued. 

Calculations,  Notes,  and  Records.  Accurate  calculations  are 
the  basis  of  correct  proportions  of  machine  parts.  There  is  a  right 
way  to  make  calculations  and  a  wrong  way,  and  the  student  will 
usually  take  the  wrong  way  unless  he  is  cautioned  at  the  start. 

The  wrong  way  of  making  calculations  is  the  loose  and  shift- 
less fashion  of  scratching  upon  a  scrap  of  detached  paj^er  marks 
aiid  figures,  arranged  in  haphazard  form,  and  disconnected  and 
incomplete.  These  calculations  are  in  a  few  moments'  time  totally 
meaningless,  even  to  the  author  of  them  himself,  and  are  so  easily 
lost  or  mislaid  that  when  wanted  they  usually  ciin not  be  found. 

Engineering  calculations  should  always  be  made  systemati- 
cally, neatly,  and  in  perfectly  legible  form,  in  some  permanently 
bound  blank  book,  so  that  reference  may  always  be  had  to  them  at 
any  future  time  for  the  ])urj)0se  of  checking  or  reviewing.  Put 
all  the  data  down.  Do  not  leave  in  doubt  the  exact  conditions 
under  which  the  calculations  were  made.  Note  the  date  of  calcu- 
lation. 

If  a  mistake  in  fimires  is  made,  or  a  change  is  found  neces- 
sary,  never  rub  out  the  figures  or  tear  out  the  leaf,  or  in  any  way 
obliterate  the  figures.  Simply  draw  a  bold  cross  through  the  wrong 
part  and  begin  again.  Often  a  calculation  which  is  supposed  to 
be  wrong  is  later  shown  to  be  right,  or  the  fiicts  which  Ciiused  the 
error  may  be  needed  for  investigation  and  comparison.   Time  which 
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is  spent  in  making  figures  is  always  valuable  time,  time  too  pre- 
cious to  l)e  thrown  away  by  destroying  the  record. 

Tlie  Recording  of  calculations  in  a  permanent  form,  as  just 
dt*scTiM,  is  the  general  practice  in  all  modern  engineering  offices. 
This  plan  has  l>een  established  purely  as  a  business  policy.     In 
fast*  of  error  it  locates   responsibility  and  settles  dispute.     Con- 
sistent designing   is   made  possible  through   the  records  of  past 
desipis.      Proposals,   estimates,    and   bids    may   often    be   made 
fn^Jtantlv,  on  the  basis  of  what  these  record  books  show  of  sizes 
and  weights.     This  bookkeeping  of  calculations  is  as  important  a 
factor  of  systematic    engineering   as    bookkeeping   of    business 
accounts  is  of  financial  success. 

The  student  should  procure  for  this  purpose  a  good  blank  book 
with  a  firm  binding,  size  of  page  not  smaller  than  6  by  8  inches 
(perhaps  ^  bv  11  inches  may  be  better),  and  every  calculation,  how- 
evt-r  small  and  apparently  unimportant,  should  be  made  in  it. 

Sample  pag(»s  of  engineering  calculations  are  reproduced  in 
Figs.  3  to  0.  Note  the  sketch  showing  the  forces.  Note  the  clear 
statement  of  data.  Note  the  systematic  writing  of  the  equations, 
and  the  definite  substitutions  therein.  Note  the  heavy  double 
underscoring  of  the  result,  when  obtained.  There  is  nothing  in 
the  whole  pnKvss  of  the  calculation  that  cannot  be  reviewed  at 
any  moment  bv  anybodv.  and  in  the  briefest  time. 

Tlie  development  of  a  personal  note-book  is  of  great  value  to 
the  <lesitrner  of  machinery.  Tlie  facts  of  observation  ai)d  experi- 
enee  rei-orde<l  in  proper  form,  bearing  the  imprint  of  intimate 
[>ersonal  contact  with  the  points  recorded,  cannot  be  equalled 
in  value  by  those  of  any  hand  or  reference  book  madt*  by  another. 
There  is  always  a  fiavor  al)Out  a  j)ersonal  note -book,  a  sort  of 
(guarantee,  which  makes  the  use  of  it  by  its  author  definite  and 
sure. 

The  habit  of  taking  and  recording  notes,  or  even  knowing 
what  notes  to  take,  is  an  art  in  itself,  and  the  student  should 
i»e£rin  early  to  make  his  note-book.  Aside  from  the  value  of  the 
notes  themselves  as  a  part  of  his  personal  equi[)ment,  the  facility 
with  whieh  his  eye  will  be  trained  to  see  and  record  mechanical 
things  will  l)e  of  great  value  in  all  of  his  study  and  work.  How 
many  men  go  through  a  shoj)  and  really  see  nothing  of  the  ()[>era- 
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tions  going  on  therein,  or,  seeing  them,  remember  nothing!  A.  ^* 
engineer,  trained  in  this  respect,  will  to  a  surprising  degree  \p^ 
able  to  retain  and  sketch  little  details  which  fall  under  his  eye  fo-^ 
a  brief  moment  only,  while  he  is  passing  through  a  crowded  shop^ 

Some  draftsmen  have  the  habit  of  copying  all  the  standard 
tables  of  the  various  offices  in  which  they  work.     While  these  are 
of  some  value  in  a  few  cases,  yet  this  is  not  what  is  meant  by  a 
good  note-book  in  the  best  sense.     Ideas  make  a  good  note-book, 
not  a  mere  tabulation  of  figures.     If  the  basis  upon  which  stan- 
dards are  founded  can  be  transferred  to  j)ermanent  personal  record, 
or  novel  methods  of  calculation,  or  simple  features  of  construe- 
tion,  or  data  of   mechanical   tests,  or  efficient   arrangement  of 
machinery — if  tlief^e  can  be  preserved  for  reference,  the  note-book 
will  be  of  greatest  value. 

Whatever  is  noted  down,  make  clear  and  intelligible,  illus- 
trating by  a  sketch  if  possible.  Make  the  note  so  clear  that 
reference  to  it  after  a  long  space  of  years  would  bring  the  whole 
subject  before  the  mind  in  an  instant.  If  this  is  not  done  the 
author  of  the  note  himself  will  not  have  patience  to  dig  out  the 
meaning  when  it  is  needed;  and  the  note  will  be  of  no  value. 

METHOD  OF  DESIGN. 

Tlie  fundamental  lines  of  thought  and  action  which  every 
designer  follows  in  the  solution  of  any  problem  in  any  class  of 
work  whatsoever,  are  four  in  number.  The  expert  may  carry  all 
these  in  mind  at  the  same  time,  without  definite  separation  into  a 
a  step-l>y-st(*p  ])rocess;  but  the  student  must  master  them  in  their 
j)ro})er  scMjiu'iice,  and  thoroughly  understand  their  application. 
In  these  four  are  concentrated  the  entire  art  of  Machine  Desiirn. 
When  they  have  become  so  familiar  as  to  be  instinctively  applied 
on  any  and  jill  occasions,  good  design  is  the  result.  The  only 
other  quality  which  will  facilitate  still  further  the  design  of  good 
machinery  is  experience;  and  that  cannot  be  taught,  it  must  be 
ac<juired  by  actual  work. 

I.  Analysis  of  Conditions  and  Forces.  First,  take  a  good 
square  look  at  tlio  problem  to  be  solved.  Study  it  from  all  sides, 
view  it  in  all  lights,  note  the  worst  conditions  which  can  possibly 
exist;  note  the  avt^rage  conditions  of  service,  note  any  special  or 
irregular  service  likely  to  be  called  for. 
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- 

[  With  these  conditions  well  in  mind,  make  a  careful  analysis 

^  of  all  the  forces,  maximum  as  well  as  average,   which  may  be 

brought  into  play.     Make  a  rough  sketch  of  the  piece  under  con- 
sideration, and  put  in  these  forces.     Be  sure  that  these  forces  are 
at  least  approximately  right.     Go   over  the   analysis   carefully 
again  and  again.     Remember  that  time  saved  at  the  beginning 
bj hasty  and  j)oor  analysis  will  actually  be  time  lost  at  the  end; 
and  if  die  machine  actually  fails  from  this  reason,  heavy  financial 
loss  in  material  and  labor  will  occur.     Any  haste  toward  com- 
pletion of  the  structure  beyond  the  roughest  outline,  without  this 
careful  study  of  forces,  is  a  blind  leap  in  the  dark,  entirely  un- 
scientific, and  almost  certain  to  result  in  ultimate  failure. 

On  the  other  hand  this  principle  may  be  carried  too  far.     In 
trying  to  make  the  analysis  thorough  and  the  forces  accurate,  it  is 
qp'te  possible  to  consume  more  than  a  reasonable  amount  of  time. 
Again,  it  is  not  always  easy,  and  frequently  impossible,  to  deter- 
mine  exactly  the  forces  acting  on  a  given  piece.    But  their  nature^ 
whether  sudden  or  slowly  applied,  rapid  in  action  or  only  oc- 
curring at  intervals,  and  their  approximate  direction  and  magni- 
tude at  least,  are  always  capable  of  analysis.     There  are  few,  if 
anv,  cases  where  close  assumptions  cannot  be  made  on  the  above 
basis  and  the  design  proceeded  with  accordingly.      Hence  the 
danger  of  too  great  refinement  of  analysis  is  simply  to  be  avoided 
bv  the  designer's  plain  business  sense. 

The  first  tendency  of  the  student  is  to  pass  over  the  study  of 
the  forces  as  dull  and  dry,  and  attempt  the  design  at  once.  Ilt^ 
soon  finds  himself  facing  problems  of  which  he  sees  no  j)ossil)]c 
solution,  and  he  bases  his  design  on  pure  guess-work.  This  is 
the  only  solution  possible  from  such  a  point  of  view,  and  is  really 
no  solution  at  all.  A  guess  which  has  some  rational  backing  is 
often  successful;  but  in  that  case  some  analysis  is  ivfjuiivd,  and  it 
is  not  a  pure  guess,  but  falls  under  the  very  principle  we  are 
considerinjr. 

There  is  no  short  cut  to  the  design  of  machine  j)arts  which 
avoids  this  full  understanding  of  the  forces  that  tlit-y  must 
sustain.  The  size  of  a  belt  depi^nds  uj>on  the  inaxinmni  j>ull 
ujKin  it,  and  the  designing  of  belts  is  nothing  bnl  pro',  idin^ 
siutficient  cross-section  of  leather  to  prevent  the  bolt  ttariu;/  xwA^-v 


163 


12  MACHINE  DESIGN 

the  pull.     Again,  if  pulley  arms  are  not  to  break,  or  shafts  twist 
off,  or  bolts  be  torn  apart,  or  the  teeth  of  gears  fail,  or  keys  and 
pins  shear  off,  we  must  first,  of  course,  find  out  what  forces  exist 
which    are    likely   to    produce    stress    that    may   le^id    to  such 
breakage.     We  should  not  guess  at  the  sizes,  and  then  run  the 
machine  to  see  if  breakage  results,  and  then  guess  again.   Ma- 
chines are  sometimes  built  in  this  way,  but  it  is  an  unreasonable 
and  uncertain  method.     AVe  must  use  every  effort  to  foresee  the 
stress  which  a  piece  is  liable  to  receive,  before  we  decide  its  size. 
AVe  must  know  all  the  forces  approximately,  if  not  positively. 
The  analysis  must  be  thorough  enough  to  permit  of  reasonable 
assumption,  if  not  positive  assertion.     It  is  manifestly  impossible 
to  solve  any  problem  until  we  know  exactly  what  the  problem  is*, 
and  a  full  analysis  is  the  statement  of  the  problem. 

2.  Theoretical  Design.  After  we  know  by  careful  analysis 
what  stress  the  machine  part  has  to  sustain,  the  next  step  is  so  to 
design  it  that  it  will  theoretically  resist  the  applied  forces  with 
the  least  expenditure  of  material. 

We  often  see  machinery  with  the  metal  of  which  it  is  made 
distributed  in  the  worst  possible  manner.  In  places  where  the 
stress  is  heavy  and  a  rigid  member  is  needed,  we  find  a  weak, 
springy  part;  while  in  other  parts,  where  there  are  no  forces  to  be 
resisted,  or  vibration  to  bo  absorbed,  there  seems  to  be  a  waste  of 
good  material.  Whether  in  such  case  the  analysis  of  the  forces 
was  poor,  or  perhaps  not  made  at  all,  or  whether  a  knowledge  of 
how  to  design  so  as  to  resist  the  given  forces  was  wholly  absent, 
cannot  be  told.  At  any  rate,  lack  of  either  or  both  is  clearly 
shown  in  the  result. 

Any  member  of  a  machine  may  vary  in  form  from  a  solid 
block  or  chunk  of  material  to  an  open  ribbed  structure.  The  solid 
chunk  fills  the  requirement  as  far  as  strength  is  concerned,  unless 
it  is  so  heavy  as  to  fail  from  its  own  weight.  But  such  construc- 
tion  is  poor  design,  except  in  cases  whei:e  the  concentration  of 
heavy  mass  is  necessary  to  absorb  repeated  blows  like  those  of  a 
hammer.  The  possibility  of  these  blows  should,  however,  have 
been  determined  in  the  analysis;  and  the  solid,  anvil  construction 
then  becomes  theoretical  design  for  that  analysis. 

For  steadily  applied  loads  an  open,  ribbed,  or  hollow  box 
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BtmetiiTe  can  be  made  which  will  distribute  the  metal  where  it  is 
theoretically  needed,  and  each  fiber  will  then  snstain  its  proper 
share  of  the  load.  In  this  way  weight,  cost,  and  appt^rance  are 
heeded;  and  the  service  of  the  piece  is  as  good  as,  and  probably 
better  than,  it  would  be  with  the  clumsy,  solid  form. 

There  is  no  such  thing  as  putting  too  much  theory  into  the 
design  of  machinery.  The  strongest  trait  which  an  enginet»r  can 
have  is  absolute  faith  in  his  analysis  and  calculations,  and  their 
reproduction  in  his  theoretical  design.  Theoretical  design  is  an 
indication  of  scientific  advance  in  the  art,  and  some  of  the  gn>atest 
steps  of  progress  which  have  been  made  in  recent  years  have  been 
accomplished  through  a  purely  theoretical  study  of  machine 
structure. 

It  will  never  do,  however,  to  be  satisfied  with  theoretical 
design  when  it  is  not  in  accord  with  modern  commercial  and  manu- 
&cturing  considerations.  Hence  the  next  step  after  the  detennina. 
tion  of  ^e  theoretical  design  is  the  study  of  it  from  the  producing 
standpoint. 

3*  Practical  iModlfication.  All  theoretical  design  viewed  from 
the  business  standpoint  is  worthless,  unless  it  has  been  subjei'tiHl 
to  the  test  of  cheap  and  efficient  production.  Each  machine  detail, 
though  correct  in  theory,  may  yet  be  improperly  shapiHl  and  unfit 
for  the  part  it  is  to  play  in  the  general  schemo  of  nianufactun*. 

The  conditions  here  involved  are  changeable.  What  is  g(HKl 
design  in  this  decade  may  be  bad  in  the  next.  In  this  light  the 
designer  must  be  a  close  student  of  the  signs  of  the  tiini»a;  ho  must 
follow  the  march  of  progress,  closely  applying  existing  roHources, 
conditions,  and  facilities,  otherwise  ho  cannot  produce  up-to-date 
designs.  The  introduction  of  new  raw  materials,  tho  cheapening 
of  production  of  others,  the  changing  of  shop  methods,  tho  usc^  of 
special  machinery,  the  opening  of  new  markets,  tho  development 
of  new  motive  agents,  —  all  these  and  many  others  are  constantly 
demanding  some  modification  in  design  to  nuH^t  comjH?tition. 

Illustrative  of  this,  note  the  change  which  has  been  wrought 
by  the  development  of  electric  power,  tho  rise  and  decline  of  tho 
bicycle  business,  tho  present  niannfacturo  of  automobiles,  tho  hiHt 
named  especially  with  refereneo  to  the  devclopnuuit  of  tho  small 
motive  unit,  tho  gasolene  engine,  the  steam  engine,   etc.     The 
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design  of  mncli  machinery  has  been  materiallj  changed  to  meet 
the  exacting  demands  of  these  new  enterprises. 

Practical  modifications  of  design  necessary  to  meet  the  limi^ 
tations  of  construction  in  the  pattern  shop,  foundry,  and  machine 
shop  are  of  daily  application  in  the  designer's  work.  He  must 
keep  in  his  mind's  eye  at  all  times  the  workmen  and  the  processes 
they  use  to  create  his  designs  in  metal  in  the  shop. 

"How  can  this  be  made?"  "Can  it  be  made  at  allT' 
"Can  it  be  made  cheaply?"  "Will  it  be  simple  in  operation 
after  it  is  made  ? "  "  Can  it  be  readily  removed  for  repair  ? " 
"  Can  it  be  lubricated  ? "  "  How  can  it  be  put  in  place  ?  "  "  How 
can  it  be  gotten  out?"  "Will  it  be  made  in  small  quantities 
or  large  ? "  "  Will  it  sell  as  a  special  or  standard  machine  ? " 
etc.,  etc. 

The  consideration  of  such  questions  as  these  is  a  practical 
necessity  as  a  business  matter.  Ko  other  feature  affects  the 
design  of  machinery  more,  perhaps;  for  designs  which  cannot  be 
built  as  business  propositions  are  no  designs  at  all. 

The  student,  it  is  true,  may  not  have  the  extended  shop 
knowledge  which  is  essential  to  this;  but  he  can  do  much  for 
himselt  by  visiting  shops  whenever  possible,  getting  hold  of  shop 
ways  of  doing  things,  and  invariably  treating  his  work  as  a 
business  matter.  Though  a  man  may  not  be  a  pattern  maker, 
molder,  blacksmith,  or  machinist,  yet  he  c^m  soon  gain  ideas  o'  the 
processes  in  each  of  these  branches  which  will  be  of  iniii.ense 
advantaire  to  him  in  his  desiirnintj  work. 

4.  Delineation  and  Specification.  This  means  the  clear  and 
concise  rejjresentation  of  the  design  by  mechanical  drawings. 

This  is  as  much  a  part  of  the  routine  method  of  Machine  De- 
sign as  the  other  tliree  ])oints  which  have  been  discussed.  The 
mere  act  of  ])Utting  the  results  of  mechanical  thinking  on  ])aj)er  is 
one  of  the  greatest  helps  to  force  thinking  machinery  to  system- 
atic and  definite  action.  A  designer  never  thinks  very  long 
witliout  (Irawinjj  somethintj,  and  tlie  student  must  brintr  himself  to 
fei'l  that  a  dra\vin«;  in  its  lirst  sense  is  a  means  of  helninof  his  own 
thouiJ-lit,  and  must  freely  use  it  as  such. 

In  its  second  and  final  sense,  the  drawing  is  an  order  and 
specification  sheet  from  the  designer  to  the  workman.     Design 
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which  stops  short  of  exact,  finished  delineation  in  the  form  of 
working  shop  drawings  is  only  half  done.  In  fact  the  possibility 
of  a  piece  being  thus  exactly  drawn  is  often  the  crucial  test  of  its 
feasibility  as  a  part  of  a  machine.  It  is  easy  to  make  general  out- 
lines, but  it  is  not  so  easy  to  get  down  to  finished  detail.  It  is 
safe  to  say  that  there  is  no  one  thing  productive  of  more  trouble, 
delay  and  embarrassment,  and  waste  of  time  and  money  in  the 
shop,  when  there  need  be  none  from  this  cause,  than  a  poor  detail 
drawing.  The  efficiency  of  the  process  of  design  is  not  fully  real- 
ized, and  failures  are  often  recorded  where  there  should  be  success, 
merely  because  the  indefiniteness  permitted  by  the  designer  in  the 
drawings  naturally  transmitted  itself  to  the  workman,  and  he  in 
turn  produced  a  part  indefinite  in  form  and  operation. 

The  actual  process  of  drawing  in  the  development  of  a  design 
may  be  outlined  as  follows  : 

Rough  sketches  merely  representing  ideas,  not  drawn  to  scale, 
are  first  made.  These  are  of  use  only  so  far  as  the  choice  of  me- 
chanical  ideas  is  concerned,  and  to  carry  preliminary  dimensions. 

Following  these  sketches,  comes  a  layout  to  scale,  of  the 
favored  sketch,  a  working  out  of  the  relative  sizes  and  location  of 
the  parts.  This  drawing  may  be  of  a  sketchy  nature,  carrying  a 
principal  dimension  here  and  there  to  fix  and  control  the  detailed 
design.  In  this  drawing  the  design  is  developed  and  general  detail 
worked  out.  The  minute  detail  of  the  individual  parts  is,  1:  ^wever, 
left  to  the  subsequent  working  drawing. 

This  layout  drawing  may  now  be  turned  over  to  an  expert 
draftsman  or  detail  designer,  who  picks  out  each  part,  makes  an 
exact  drawing  of  it,  studying  every  little  detail  of  its  shape,  and 
finally  adds  complete  dimensions  and  specifications  so  that  the 
workman  is  positively  informed  as  to  every  |>ointof  its  construction. 

General  drawings  and  cross  sections  constitute  the  last  step 
in  the  process  of  complete  delineation.  These  show  the  parts 
assembled  in  the  complete  machine.  They  also  serve  a  valuable 
purpose  to  the  draftsman  in  checking  up  the  dimensions  of  the 
detail  drawings.  Errors  which  have  escajMxl  previous  notice  are 
often  discovered  in  this  wav.  The  layout,  mentioned  above,  is 
sometimes  finished  up  into  a  fjeneral  drawing/:  but  it  i.s  safer  to 
make  an  entirely  new  drawintj,  as  chancres  in  detail  are  often 
necessary  after  the  layout  is  made. 
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The  four  fundamental  lines  of  thought  and  action  noted 
above  may  be  summarized  thus — ** analyze  and  theorize,  modify 
and  delineate.'*  This  is  a  maxim  easy  to  remember,  applicable 
to  every  problem  in  Machine  Design,  and  always  provides  the 
answer  to  the  question  "  What  shall  I  do,  how  shall  I  proceed  ?  " 
by  pointing  out  the  proper  sequence  in  the  course  to  be  followed. 

CONSTRUCTIVE   MECHANICS. 

Mechanics  is  a  constructive  science,  its  principles  lying  at  the 
root  of  the  design  and  operation  of  all  machinery.  It  is  usually 
taught,  however,  as  an  advanced  mathematical  subject;  and  the 
student  gets  his  original  conceptions  of  forces,  moments,  and 
beams  in  the  abstract,  before  he  realizes  the  constructive  value  of 
such  conceptions.  By  "  Constructive  Mechanics "  is  meant  the 
study  of  a  machine  purely  from  its  constructive  side,  the  viewing 
of  the  parts  with  respect  to  their  "  mechanics,"  and  satisfying  the 
requirements  of  the  same  in  form  and  arrangement. 

The  student  may  cultivate  this  habit  of  clear,  mechanical  per- 
ception by  constantly  noting  the  "mechanics"  of  the  simple 
structures  which  he  sees  in  his  daily  routine  of  work.  Aside 
from  machinery,  in  which  the  "mechanics"  is  often  obscure, 
the  world  is  full  of  simple  examples  of  natural  strength  and 
symmetry,  explainable  by  application  of  the  principles  of  pure 
"  mechanics." 

Posts  and  pillars  are  largest  at  their  bases;  overhanging 
brackets  or  arms  are  spread  out  at  the  fastening  to  the  wall; 
heavy  swinging  gates  are  counter-balanced  by  a  ponderous  weight; 
the  old-fashioned  well  sweep  carries  its  tray  of  stones  at  the  end, 
adjusting  the  balance  to  a  nicety;  these  are  examples  of  things 
depending  for  their  form  and  oj)eration  upon  the  principles  of 
"mechanics."  The  building  of  them  involved  "constructive 
mechanics,"  and  yet  their  constructor  perhaps  never  heard  of  the 
science,  using  merely  his  natural  sense  of  mechanical  fitness. 
Such  simple  reasoning  is,  however.  Constructive  Mechanics. 

Forces,  Moments,  and  Beams.  Machines  are  nothing  but  a 
collection  of  (1)  parts  taking  direct  stress,  or  (2)  parts  acting  as 
loaded  beams.  Forces  acting  without  leverage  produce  direct 
stress  on  the  sustaining  part.     Forces  acting  with  leverage  pro- 
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dnce  a  moment;  the  sustaining  member  is  a  beam,  and  the  stress 
therein  depends  on  the  theory  of  beams,  as  explained  in  "  Me- 
chanics." 

An  example  of  the  first  is  the  load  on  a  rope,  the  force  acting 
without  leverage,  and  the  rope  therefore  having  a  direct  stress  put 
upon  it. 

An  example  of  the  second  is  a  push  of  the  hand  on  the  crank 
of  a  grindstone.  A  moment  is  produced  about  the  hub  of  the 
crank;  the  arm  of  the  crank  is  a  beam,  and  the  stress  at  any  point 
of  it  may  be  found  by  the  method  of  theory  of  beams. 

Tension,  Compression,  and  Torsion.  The  stress  induced  in 
the  sustaining  part,  whether  tensile,  compressive,  or  torsional,  is 
caused  by  the  application  of  forces,  either  acting  directly  without 
leverage,  o^  with  leverage  in  the  production  of  moments. 

The  forces  applied  from  external  sources  are  at  constant  war 
with  the  resisting  forces  due  to  the  strength  of  the  fibres  of  the 
material  composing  the  machine  members.  The  moments  of  the 
external  forces  are  constantly  exerted  against  and  balanced  by  the 
moments  of  the  internal  resistance  of  the  material.  Hence, 
design,  from  a  strength  standpoint,  is  merely  a  balancing  of 
internal  strength  against  external  force.  In  other  words,  we  may 
in  all  cases  write  a  sign  of  equality,  place  the  applied  effort  on 
one  side,  the  effective  resistance  on  the  other,  and  we  shall  have 
an  equation,  which,  if  capable  of  solution,  will  give  the  proper 
pro{X)rtions  of  the  parts  considered. 

External  Force  ■=^  Internal  liesistance. 
External  Moment  =  Internal  Moment  of  Resistance. 
Expressed  in  terms  of  the  ''  Mechanics:" 

P-AS  (i) 

B  or  T-^         (2) 

c  ^  ^ 

In  these  formulas,  which  are  ])erfectly  general, 

P=direct  load  in  i)ounds. 

A=area  of  eflfectivo  material,  in  K(iuaro  inches. 

S=working  fibre  stress  of  the  material  (tensik),  compressive,  or  shear- 
ing), in  pounds  per  square  inch. 

Bor  T=oxternal  moment  (bending  or  torsional),  ininch-ix^unds. 

I=moment  of  inertia  (direct  or  polar),  of  the  resisting  section. 

c= distance  of  the  most  remote  fibre  of  the  resisting  section  from  the 
neutral  azifi. 
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P  may  pro<liice  direct  tensile,  compressive,  or  shearing  stress. 

B  may  pnKluce  tensile  or  compressive  stress,  and  requires  use  of  direct 
moment  of  inertia  in  either  case. 

T  produces  shearing  stress,  and  requires  use  of  ix)lar  moment  of 
inertia. 

The  origin  of  fonnula  (1)  is  obvious,  the  assumption  l)eing 

that  the  fibre  stress  is  equally  distributed  to  every  particle  in  the 
area  "A." 

Tlie  development  of  formula  (2)  is  given  in  any  text-book  in 
Mechanics.  It  requires  the  aid  of  the  Calculus,  however.  Any 
goixl  handbook  gives  values  for  both  the  direct  moment  of  inertia 
and  the  polar  moment  of  inertia  for  quite  a  large  varietj'  of  sections, 
so  that  further  reference  is  an  efisy  matter  for  the  student.  These 
values  are  also  obtaintnl  through  the  methods  of  the  Calculus. 

The  reason  for  introducini/  these  formulas  at  this  time  is  to 
viM  the  attention  of  the  student  esj>ecially  to  the  fact  of  their 
universal  and  fundamentiil  use  in  all  problems  conoerning  the 
stivnirth  of  macliine  parts.  Nearly  every  computation  may  be 
reihictM.1  to  or  I'xpandeil  from  these  two  simple  equations.  Many 
complex  coinV»inations  occur,  of  course,  which  will  not  permit  aim- 
]>le  and  diivct  ap])lication  of  these  formulas,  but  the  student-will 
do  Will  to  place  himself  in  j)er  feet  command  of  these  two.  Assuming 
that  Lc  is  al)li'  to  analyze  forces,  and  compute  the  simple- moment 
at  tlu'  point  wlicn*  lie  wishes  to  find  the  strength  of  section,  tlie  ■* 
n>r  is  tho  mt-re  insertion  of  the  assumed  working  fibre  stress  of  J 
the  material  in  the  formula  {2)  above,  and  solution  f or  the  qnantitr 
dfsiriMl. 

A\  lu'ii  the  ease  is  one  of  combined  stress,  the  relation  becomes 
moro  eoniplieatrd  and  ditKcnlt  (^f  analysis  and  solution.  The  most 
coninioii  rase  is  wlirre  bendinix  is  combined  with  torsion,  as  in  the 
rase  of  a  >liaft  transmittinj^  })ower,  and  at  the  same  time  loadtil 
traiisN  ei'M'lv  helworn  ln'arinos.  In  fact  there  are  verv  few  cases  of 
-]iat't>  in  niac-liines,  which,  at  some  part  of  their  lenirth,  do  n(»t 
ha\e  \\\\<  rnuihiiied  stress.  In  this  ease  the  methcMl  of  procedure 
i<  to  tind  the  siniph'  l»einlino"  moment  and  the  simple  torsional 
moment  senai'aielv,  in  tlu*  onlinai'v  way.  Then  the  theory  of 
ela-;ieiiy  furnishes  ns  with  a  fiuinnla  for  an  e<iuiyalent  bendin**" 
or  an  e.juixalent  (o:--iniial  moment  whieh  is  snj)posed  to  prcxluce 
••Jio  same  elleet  upt)n  the  fibres  of  the  material  as  the  combined 
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ition  of  tlie  t^vo  simple  moments  acting  together.  In  other 
unis,  the  separate  moments  combined  in  action,  being  impossible 
:  solution  in  that  form,  are  reduced  to  an  equivalent  simple 
lonient  and  the  solution  then  becomes  the  same  as  for  the  prev- 
►us  case. 

These  equivalent  equations  are  given  below,  the  subscript  **e'' 
elncr  added  to  express  separation  from  the  simple  moment: 

B~+ii/W+T        (3) 

T=B  +  y/W+T  (4) 

B^  and  Tg,  found  from  these  equations,  are  the  external  mo- 
Enents,  and  are  to  bo  equated  to  the  internal  moments  of  resistance 
of  the  section  precisely  as  if  they  were  simple  bending  or  torsional 
moments.  Either  may  be  used.  For  shafts  (4)  is  generally  used, 
beincr  the  simpler  of  the  two  in  form. 

FRICTION  AND   LUBRICATION. 

The  parts  of  a  machine  which  have  no  relative  motion  with 

recrard  to  each  other  are  not  dependent  upon  lubrication  of  their 

surfaces  for  the  proper  performance  of  their  functions.     In  cases 

where  relative  motion  does  occur,  as  between  a  planer  bed  and  its 

wav3,  a  shaft  and  its  bearing,  or  a  driving  screw  and  its  nut, 

friction,    and   consequent   resistance   to   motion,   will    inevitablv 

occur.     Heat  will  be  generated,  and  cutting  or  scorina  of  the 

surfaces  will  take  place  if  the  surfaces  are  allowed  to  run  to<r»fther 

drv. 

This  difficulty,  which  exists  with  all  maierials.  cannot   be 

overcome,  for  it  is  a  result  of  roughness  of  eurfaoe.  characteristic- 
of  the  material  even  when  highly  finish^  The  problem  fA  th^- 
(lesicrner,  then,  is  to  take  conditions  as  h«5  fiiids  iL-rm,  aiid,  a=  he 
cannot  change  the  physical  characteristic-is  of  mati?ria:5.  so  cL'^y>~e 
those  which  are  to  rub  together  in  the  ojrrrfctlon  of  the  rrja/;L:r.»r 
that  friction  will  be  reduced  to  the  lowest  j^isilr^Ie  i^-:.::.  Xoa*  ;: 
fortunately  happens  t?hat  there  are  certala  a^-r:-*>-  like  oil  '^:A 
graphite,  which  seem  to  fill  up  the  holiowa  :,•;,  the  i  .rf<i  -  of  a 
solid  material,  and  which  themselvrs  Lave  r^rv  11**/.^  f:. ::!.:.  o:. 
other  substances.  Hence,  if  a  machine  ptnLiu  1r  its  c-r-.i::^  sii. 
autoriiiitic  supply  of  these  I'lbricatin;:  aj?*^t*  to  t'!  *,:'>•--  :,  i-.     j 


in 


20  MACHINE  DESIGN 

motion  between  them,  friction  may  be  reduced  to  the  lowest  limit 

If  this  full  supply  of  lubricant  be  secured,  and  the  parts  still 
heat  and  cut,  then  the  fault  may  be  traced  to  other  causes,  such  as 
springy  surfaces,  localization  of  pressure,  or  insufiicient  radiating 
surface  to  carry  away  the  heat  of  friction  as  fast  as  it  is  generatei 

Lubricating  agents  are  of  a  nature  running  from  the  solid 
graphite  form  to  a  thick  grease,  then  to  a  heavy  dark  oil,  and 
finally  to  a  thin,  fluid  oil  flowing  as  freely  as  water.   The  solid  and 
heavy  lubricants  are  applicable  to  heavily  loaded  places  where  the 
pressure  would  squeeze  out  the  lighter  oils.     Grease,  forced  be- 
tween the  surfaces  by  compression  grease  cups,  is  an  admirable 
lubricator  for  heavy  machinery  under  severe  service.     High-speed 
and  accurate  machinery,  lightly  loaded,  requires  a  thin  oil,  as  the 
fits  would  not  allow  room  for  the  heavier  lubricants  to  find  their 
way  to  the  desired  spot.     The  ideal  condition  in  any  case  is  to 
have  a  film  of  lubricant  always  between  the  surfaces  in  contact, 
and  it  is  this  condition  at  which  the  designer  is  always  aiming  b 
his  lubricatincr  devices. 

Oil  ways  and  channels  should  be  direct,  ample  in  size, 
readily  accessible  for  cleaning,  and  distributing  the  oil  by  natural 
flow  over  the  full  extent  of  the  surface.  Hidden  and  remote 
bearings  must  be  reached  by  pipes,  the  mouths  of  which  should 
be  clearly  indicated  and  accessible  to  the  operator  of  the  machine. 
Such  pi{)es  must  be  straight,  if  possible,  and  readily  cleaned. 

There  is  one  practical  principle  affecting  the  design  of 
methods  of  lubrication  of  a  machine  which  should  be  borne  in 
mind.  This  is,  "  Neglect  and  carelessness  by  the  operator  raust 
be  provided  for."  It  is  of  no  use  to  say  that  the  ruination  of  a 
surface  or  hidden  bearing  is  due  to  neglect  by  the  0[)erator,  if  the 
means  for  such  lubrication  are  not  perfectly  obvious.  Tliis  is 
"lockincr  the  door  after  the  horse  is  stolen."  The  desio-ner  has 
not  done  his  duty  until  he  has  made  the  scheme  of  lubrication  so 
plain  that  every  part  ///  ust  receive  its  proper  supply  of  oil,  except 
by  gross  and  willful  negligence,  for  which  there  c^n  be  no 
possible  just  excuse. 

WORKING   STRESSES  AND   STRAINS. 

Some  persons  object  to  the  use  of  these  terms,  as  one  is 
frequently  used  for  the  other,  and  misunderstanding  results.  This 
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is  donbtless  true;  but  the  student  may  as  well  learn  tlie  true 
relation  of  the  terms  once  for  all,  because  he  will  frequently  run 
across  them  in  his  reading  and  reference  work,  and  should  inter- 
pret them  rightly.     The  strict  relation  of  the  two  is  as  follows: 

Stress  is  the  internal  force  in  a  piece  resisting  the  external 
foroe  applied  to  it.  A  weight  of  ten  pounds  hanging  on  a  rope 
produces  a  stress  of  ten  pounds  in  the  rope. 

Strain  is  the  change  of  shape,  or  deformation,  in  a  piece 
resisting  an  external  force  applied  to  it.  If  the  above  weight  of 
ten  pounds  stretches  the  rope  \  inch,  the  strain  is  J  inch. 

Unit  stress  is  stress  per  unit  area,  e.  g.,  per  square  inch. 

Unit  strain  is  strain  per  unit  length,  e.  g.,  per  inch  length. 

In  the  above  case,  if  the  rope  were  \  square  inch  in  area 
and  30  inches  long,  the  unit  stress,  or  intensity  of  stress,  is 
10-^i=20  pounds  per  square  inch;  the  unit  strain  is  i-^30=Y^ 
inch  per  inch. 

When  stress  is  induced  in  a  piece,  the  strain  is  practically 
proportional  to  the  stress  for  all  values  of  the  stress  below  the 
elastic  limit  of  the  material;  and  when  the  external  load  is  re- 
moved the  strain  will  (mtirely  disappear,  or  the  recovering  power 
of  the  material  will  restore  the  piece  to  the  original  length. 

Illustrating  by  the  case  above,  on  the  supposition  that  the 
elastic  limit  has  not  been  reached  by  the  stress  of  20  pounds  per 
square  inch,  if  the  load  of  10  pounds  were  taken  off,  the  ^-inch 
strain  would  disappear  and  the  rope  return  to  its  original  length; 
if  the  load  were  changed  to  A  of  10  j)ouiids,  or  5  pounds,  the 
strain  would  be  i  of  ;^  inch,  or  J  inch. 

Now  it  is  found  that  if  we  wish  a  piece  to  last  in  service  for 
a  long  time  without  danger  of  breakage,  we  must  not  permit  it 
to  be  stressed  anywhere  near  the  elastic  limit  value.  If  we  do, 
although  it  will  probably  not  break  at  once,  it  is  in  a  dangerous 
condition,  and  not  well  suited  to  its  requirements  as  a  machine 
member.  The  technical  name  for  this  weaken ing  effect  is  "  fa- 
tigue."  It  is  further  found  that  the  fatigue  due  to  this  repeated 
stress  is  reach^^d  at  a  lower  limit  when  the  stress  is  alternating  in 
character  than  when  it  is  not.  In  other  words,  if  we  first  pull  on 
a  piece  and  then  push  on  it,  we  shall  first  have  the  piece  in  tension 
and  then  in  compression;  this  alternaliuu  of  stress  repeated  to 
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near  the  elastic  limit  of  the  material  will  fatigue  it,  or  wear  out 
the  fibres,  and  it  will  finally  fail.  If,  however,  we  first  pull  on 
the  piece  with  the  same  force  aa  before,  and  then  let  go,  we  shall 
first  have  the  piece  in  tension  and  then  entirely  relieved;  such 
repetition  of  stress  will  finally  "  fatigue  "  the  material,  but  not  so 
quickly  as  in  the  first  case.  Experiments  indicate  that  it  m&j 
take  twice  as  many  applications  in  the  latter  case  as  in  the  former. 

The  working  stress  of  materials  permissible  in  machines  is 
based  on  the  above  facts.     The  breaking  strength  divided  by  a 
liberal  factor  of  safety  will  not  necessarily  give  a  desirable  work- 
ing stress.    The  question  to  be  answered  is,  "  Will  the  assumed 
working  fibre  stress  permit  an  indefinite  number  of  applicationa 
of  the  load  without  fatiguing  the  material  ? " 

Hence  we  see  that  the  same  material  may  be  safely  used  under 
different  assumptions  of  working  stress.  For  example,  a  rotating 
shaft,  heavily  loaded  between  bearings,  acts  as  a  beam  which  in 
each  revolution  is  having  its  particles  subjected,  first  to  a  maxi- 
mum tensile  stress,  and  then  to  a  maximum  compressive  stress. 
This  is  obviously  a  very  different  stress  from  that  which  the  same 
piece  would  receive  if  it  were  a  pin  in  a  bridge  truss.  In  the 
former  we  have  a  case  where  the  stress  on  each  particle  reverses  at 
each  revolution,  while  in  the  latter  wo  have  merely  the  same  stress 
recurring  at  intervals,  but  never  becoming  of  the  opposite  char, 
acter.  For  ordinary  steel,  a  value  of  8,000  would  be  reasonable  in 
the  former  case,  while  in  the  latter  it  may  be  much  higher  with 
safety,  perhaps  nearly  double. 

From  the  facts  stated  above,  it  is  evident  that  exact  values  for 
working  Hbre  stress  cannot  be  assumed  with  certainty  and  applied 
broadly  in  all  cases.  If  the  elastic  limit  of  the  material  is  defi- 
nitely known  we  can  base  our  working  value  quite  surely  on  that. 

With  but  a  general  knowledge  of  the  elastic  limit,  ordinary 
steel  is  good  for  from  12,000  to  15,000  pounds  per  square  inch 
non -reversing  stress,  and  8,000  to  10,000  reversing  stress.  Cast 
iron  is  such  an  uncertain  metal  on  account  of  its  variable  structure 
that  stresses  are  always  ke[)t  low,  say  from  3,000  to  4,000  for  non- 
reversing  stress,  and  1,500  to  2,500  for  reversing  stress. 

With  these  values  as  a  guide,  and  the  special  conditions  con- 
trolling  each  case  carefully  8tudie(l,  reasonable  limits  may  be 
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assigned  for  working  stress,  not  only  of  steels,  various  grades  of 
cast  iron,  and  mixtures  of  ^the  same,  but  of  other  alloys,  brass, 
bronze,  etc.  Gun  metal,  semi-steel,  and  bronze  are  intermediate 
in  strength  between  cast  iron  and  steel.  Data  on  the  strength  of 
materials  are  available  in  any  of  the  handbooks,  and  should  be  con- 
sulted freely  by  the  student.  They  will  be  found  somewhat  con- 
flicting, but  will  assist  the  judgment  in  coming  to  a  conclusion. 

Application  to  Practical  Case.  In  actual  practice  the  only 
information  which  the  designer  has,  upon  which  to  base  his  design, 
is  the  object  to  be  accomplished.  He  must  choose  or  originate 
suitable  devices,  develop  the  arrangement  of  the  parts,  make  his 
own  assumptions  regarding  the  operation  of  the  machine,  then 
Analyze  and  Theorize^  Modify  and  Delineate  each  detail  as 
he  meets  it. 

This,  it  will  be  found,  is  a  very  different  matter  from  taking 
some  familiar  piece  of  machinery,  such  as  a  pulley,  or  a  shaft,  or 
a  gear,  as  an  isolated  case,  the  load  being  definitely  given,  and 
proceeding  with  the  design.  This  is  easily  done,  but  is  only  half 
the  problem,  for  machine  parts,  such  as  pulleys,  gears,  and  shafts, 
do  not  confront  the  designer  tagged  or  labeled  with  the  conditions 
they  are  to  meet.  He  is  to  provide  parts  to  meet  the  specific  con- 
ditionSi  and  it  is  as  much  a  part  of  his  designing  method  to  know 
how  to  attack  the  design  of  a  machine  as  it  is  to  know  how  to 
design  the  parts  in  detail  after  the  attack  has  reduced  the  members 
to  definitely  loaded  structures.  The  whole  process  must  be  gone 
through,  the  preliminary  sketches,  calculations,  and  layout,  all  of 
which  precede  the  detail  design  and  working  drawings;  and  no  step 
of  the  process  can  be  omitted. 

It  is  for  this  reason  that  the  present  2ase  used  for  illustration 
is  carried  out  quite  thoroughly.  The  student  should  make  himself 
familiar  with  every  step  of  the  designing  method  as  applied  to  this 
simple  case  of  design.  More  complex  problems,  handled  in  the 
same  way,  will  simplify  themselves;  and  when  the  point  is  reached 
where  confidence  exists  to  take  hold  of  the  design  of  any  machine, 
however  unfamiliar  its  object  may  bo,  or  however  involved  its 
probable  detail  appears,  the  student  has  become  the  true  designer. 
It  is  the  knowing  how  to  attack  a  problem,  to  start  definite  work 
on  it,  to  go  ahead  boldly,  confident  that  the  method  applied  will 


175 


MACHINE  DESIGN 


prodnce  resalts,  that  givss  conunand  of  the  desigD  of  machinery 
and  wins  engineeriDg  s 


4-- 

•^rr 

1?  S-" 

f. 

is 

nio  sjieuial  caso  which   has   been  chosen   to  ilhistrate  the 
appIicatioQ  of  tha  priDciplea  stated  in  tlio  foregoing  pages  is  ideal, 


MACHTNE  DESIGN  35 


in  that  it  does  not  represent  any  actnal  machine  at  present  in 
operation.  Probably  builders  of  hoisting  machinery  have  devices 
which  wonld  improve  the  machine  as  shown.  In  detail,  as  well 
as  arrangement,  they  could  doubtless  make  criticism  as  manufac- 
torers.  The  arrangement  as  shown  is  merely  intended  to  bring 
out  in  simplest  form  the  common  elements  of  transmission  ma- 
chinery as  parts  of  some  definite  machine,  instead  of  as  isolated 
details.  The  design  is  one  entirely  possible,  practical,  and  me- 
chanical, but  special  attention  has  been  paid  to  simplicity  in  order 
to  enable  the  student  to  follow  the  method  closely,  for  the  method 
is  the  chief  thing  for  him  to  acquire. 

The  student  is  expected  to  refer  constantly  to  Part  II  for  a 
more  formal  and  general  discussion  of  the  simple  machine  ele- 
ments involved  in  the  case  considered.  Part  II  is  intended  to  be 
a  simplified  and  condensed  reference  book,  carried  out  in  accord- 
ance  with  the  method  of  machine  design  as  specified  in  Part  I. 
The  student  should  not  wait  until  he  has  completed  the  study  of 
this  part  before  taking  up  Part  II,  for  the  latter  is  intended  for 
use  with  the  former  in  the  solution  of  the  problems. 

In  the  case  of  power  transmission  about  to  be  studied,  the 
running,  conversational  method  employed  assumes  that  the  student 
is  in  possession  of  the  matter  in  Part  II  on  the  subject  considered. 
Thus,  in  the  design  of  the  pulley,  reference  to  the  subject  of 
''Pulleys"  in  Part  II  is  necessary  to  follow  the  train  of  calcula- 
tion; in  designing  the  gear,  consult  "Gears;"  in  calculating  size 
of  shafts,  see  "  Shafts,"  etc.,  etc. 

Problem.     A  machine  is  to  be  designed  to  be  set  on  the  floor 

of  a  building  to  drive  a  wire  rope  falling  from  the  overhead 

sheaves  of  an  elevator  or  hoist.     Without  regard  to  details  of  this 

overhead  arrangement,  for  its  design  would  be  a  separate  problem, 

suppose  that  the  data  for  the  roj)e  are  as  follows: 

Load  on  rope 5,000  pounds. 

Speed  of  rope 150  feet  per  minute. 

Length  of  rope  to  be  reeled  in 200  feet. 

"We  shall  further  assume  that  the  driving  power  is  to  be  an 
electric  motor  belted  to  the  machine,  that  the  required  speed 
reduction  can  be  satisfactorily  obtained  by  a  single  pair  of  pulleys 
and  one  pair  of  gears,  and  that  a  plain  band  brake  is  to  be  applied 
to  the  drum. 
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With  this  data  we  shall  proceed  to  work  ont  the  detsil  des^ 
of  the  machine. 

Preliminary  Sketch.  The  firet  thiog  to  do  is  to  sketdi 
roughly  the  proposed  arrangement  of  the  machiDe. 

This  might  appear  like  Fig.  1  except  that  it  would  have  no 
dimensioDs  in  addition  to  the  data  given  above.  If  the  scLeme 
seems  suitable,  the  next  step  is  to  make  such  preliminary  calcnk- 
tions  as  will  give  further  data,  exact  or  closely  approximate  Bins, 
to  be  put  at  once  on  the  sketch,  to  outline  the  future  design. 

Rope  and  Drum.     Referring  to  tables  of  strength  of  wire  rope 
(Kent's  Pocket  Book  gives  the  nianiifacturera'  list),  wefindtbat 
a  §-inch  cast-steel  roj)e  will  carry  5,000  pounds  safely,  and  that  the 
proj)er  size  of  drum  to  avoid 
excessive   bending  of   the  rope 
around  it  is  27  inches  diameter. 
Allowing  J  inch  between  the 
coils  IS  the   ro[>e  winds  on  the 
drum,  the  pitch  of  coil  will  ins 
5  inch  as  shown  in  sketch.  Fig. 
2.     The  length  of  one  complete 

.                          27  X  3.141*. 
coil  IS,  practically,  ttj 

=7.07  feet.    To  provide  for  200feet  will  n-qnire  ; 

To  he  Eiife,  let  lis  jirovide  for  30  coils,  for  which  a  length  uf  drum 
\W:\  ^"'-!-','"^-3|  iiK-hca  is  nijuired. 

The  spiice  fur  bnike  Etrap  may  be  assumed  at  5  inches,  and  the 
lhit-kiii-,-s  to  jiruvide  mivrrsary  strength  determined  later  in  the 
ilesigii.  The  fricliniiul  i-urfuce  of  the  stnip  may  he  of  basswoo^ 
lilock:^.  wiy  1|  incln's  thick,  screwed  to  the  metal  band.  Ths 
dianiclcr  of  hrake  surface  may  bo  2S  inches. 

Driving  Gears.  The  size  of  drum  gear  evidently  depends 
upon  tlic  nifthml  of  fastcninij  to  the  drum,  and,  other  things  Iicing 
cpial.  fhouhl  K«  ke]it  as  smull  a^  pussihie.  One  way  would  In-  to 
ki'V  llie  iT'-iir  on  the  outside  of  the  drum,  another  to  bolt  the  gear 
lo  the  end  ot  tho  drum.  The  lalfer  has  the  aiivantago  that  a 
standard    gear  jKittern   can    be   usi-d  with  tho  slight  change  of 
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addition  of  bolt  flange  on  the  arms.  Tbia  makes  a  simple,  direct, 
sod  strong  drive,  the  bolts  being  in  shear. 

Sketching  this  arrangement  as  the  preferred  one  (Fig.  2A),  it 
is  evident  that  the  diameter  of  the  gear  shonld  be  at  least  as  large 
as  the  dram  in  order  to  keep  the  tooth  load  down  to  a  reasonable 
fignre.  On  the  other  hand,  if  made  too  large,  it  spreads  out  the 
machine  and  destroys  its  compactness.  As  a  diametttr  of  36 
inches  is  not  excessive,  let  us  assume  this,  and  see  if  a  desirable 
proportion  of  gear  tooth  can  be  found  to  carry  the  load. 

For  a  pitch  diameter  of  30  inches  there  will  be  a  theoretical 
load  of  ^'^^"^  =3,750  ponnds  at  the  pitch  line.     But  the  load 


Fift.  2A. 

on  the  tooth  must  not  only  impart  a  pnll  of  5,000  pounds  to  the 
rope,  but  must  overcome  friction  between  the  gear  teeth  in  action, 
also  between  the  drum  shaft  and  its  bearings.  Assnming  the 
efficiency  between  the  rope  and  tooth  load  to  be  95  per  cent,  the 


net  load,  therefore,  which  the  tooth  must  take  is 
4,000  pounds. 


3,750  _ 
.95 


3,947, 


say 
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Assuming  ioTolute  teeth^  and  applying  the  ^Lewis"  fonnda, 
(Part  II,  "Gears^'): 

W=«xpx/Xy  W=4,000 

«=6,000 
IJXXhzefXX)  X  j>  X  /  X  ^6  y =.116  (number  of  teeth 

assumed  at  75) 

P  X/=  ^    *^         ^=5.7  inches  »=circular  pitch 

f=t?iCB  of  gear 
Let/=3p  (a  reasonable  proportion  for  machine-cut  teeth). 
Hien  3  Xi>*=5.7 
p«=1.9 
p  =i/T5=l-378  inches 

The  diametral  pitch  corresponding  to  this  is 

3.1416  ^  g  gg 
1.378 

which  is  just  between  the  regular  standard  pitches,  2  and  2i,  for 
wliich  stock  cutters  are  made.  To  be  safe,  let  us  take  the  coarser 
pitch,  which  is  2.     The  circular  pitch  corresponding  to  this  is 

Ji 1  =  1.57,  and  making  the  face  about  three  times  the  circular 

pitch  gives 

3  X  1.57  =  4.71,  say  4i  inches. 

The  number  of  teeth  in  the  gear  is  then  36  X  2  =  72. 
Referrinix  to  the  value  assumed  for  the  tooth  factor  in  calculation 
above,  it  is  seen  that  y  was  based  on  75  as  the  number  of  teeth, 
which  is  near  enough  to  72  to  avoid  the  necessity  of  further  check. 
iuiX  the  result. 

Tlie  pinion  to  mesh  with  this  gear  should  be  as  small  as  possi- 
ble in  ortler  to  get  a  high-speed  ratio  between  pinion  shaft  and 
drum,  otherwise  an  excessive  ratio  will  be  required  in  the  pulleys, 
making  the  large  one  of  inconvenient  size.  Small  pinions  have 
the  teeth  badly  undercut  and  therefore  weak,  13  teeth  being  the 
lowest  limit  usually  considered  desirable,  for  that  reason.     Choos- 

13 

ing  that  number,  we  have  a  pitch  diameter  of  "9"=  6.5  in.,  which 

is  probably  ample  to  take  the  shaft  and  key,  and  still  leave  suf- 
ticient  stiK.»k  under  the  tootli  for  strentxth.  If  made  of  cast  iron, 
however,  the  pinion  teeth,  on  account  of  the  low  number,  will  be 
narrower  at  the  root  than  those  of  the  gear  of  72  teeth.     Yet  it 
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WAS  upon  the  basis  of  the  latter  that  the  pitch  was  chosen,  for  it 
vill  be  remembered  that  the  value  of  y  in  the  formula  was 
taiken  at  .116.  Hence  the  pinion  will  be  weaker  than  the  gear 
unless  we  make  it  of  stronger  material  than  cast  iron,  of  which 
the  large  gear  is  supposed  to  be  made.  Steel  lends  itself  very 
f^adily  to  this  requirement;  and  in  practice,  pinions  of  less  than  20 
teeth  are  usually  made  of  this  material,  hence  we  shall  specify  the 
pinioa  to  be  of  steel. 

Pulleys.  The  question  now  is  whether  or  not  we  can  get  a 
suitable  ratio  in  the  pulleys  without  making  the  large  one  of  incon- 
''enient  size,  or  giving  the  motor  too  slow  speed  for  an  economical 
proportion. 

Suppose  we  limit  ourselves  to  a  diameter  of  42  inches  for  the 
laige  pulley,  and  try  a  ratio  of  4  to  1 ;  this  will  give  a  diameter 
for  the  small  pulley  of  4^2=10^  inches.    We  shall  then  have 

Total  ratio  between  drum  and  motor -^X  4==^=22.2 

13  13 

Rev.  per  min.  of  drum  to  give  150  f.  p.  m.  of 

^^ Ti=2^-2 

Rev.  per  min.  of  motor .^. .  .22.2  X  21.2=470 

150    V  5000 
Horse-power  of  motor  at  80  per  cent  efficiency  ^^^  >^  ==^ 

33,000  X    .80 

A  30  H.  P.  motor  running  470  r.  p.  m.  would  be  classed  as  a 
slow  speed  motor  and  would  be  a  heavier  machine  and  cost  more 
than  one  of  higher  speed.  It  will  be  noticed,  however,  that  the 
diameter  of  the  small  pulley  is  already  quite  reduced,  and  it  is 
hardly  desirable  to  decrease  it  still  further.  Neither  can  we 
increase  the  large  pulley,  as  we  have  already  set  the  limit  at  42 
inches.  Hence,  for  our  present  problem  we  cannot  improve  mat- 
ters much  without  increasing  the  size  of  the  large  gear,  which  is 
undesirable,  or  putting  in  another  pair  of  gears,  which  is  contrary 
to  the  conditions  of  the  problem.  As  such  a  motor  is  perfectly 
reasonable,  we  shall  assume  it  to  be  chosen  for  the  purpose. 

In  commercial  practice  it  would  be  well  to  pick  out  some 
standard  make  of  motor  of  the  required  horse-power,  note  the  sj^ed 
as  specified  by  the  makers,  and  then,  if  possible,  suit  the  ratio  in 
the  machine  to  this  speed.  It  is  always  best  to  use  standard  ma- 
chinery,  if  possible,  both  from  the  standpoint  of  first  cost,  as  well 
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iS  ease  of  replacing  worn  parts.  Machinery  ordered  special  is 
expensive  in  first  cost  of  designing,  patterns,  and  tools,  and  extra 
spare  parts  for  emergency  orders  are  not  often  kept  on  hand. 

Tabulation  of  Torsional  Moments.  For  future  reference,  it  is 
desirable  at  this  point  to  tabulate  the  torsional  moment,  or  torque, 
about  each  of  the  three  shaft  axes,  assuming  reasonable  efficiencies 

for  the  various  parts,  as  follows: 

Efficiency  between  drum  and  gear  tooth 95  per  cent 

Efficiency  between  drum  and  pinion  shaft 90  per  cent 

Efficiency  between  drum  and  motor  shaft • 80  per  cent 


TABLE    OF  TORSIONAL  MOMENTS. 

Ails. 

Inch  Lbs.  Torque 
at  100  Per  Cent  Efficiency. 

Inch  Lbs.  Torque, 
Efficiency  as  Above. 

Drum 

Pinion 

Motor 

5,000X^ =67,500 

5,000X^X-i| "12487 

5,000X  ^x]l  X^=  8,047 

.80  ""  ^'^^ 

This  means  that  the  motor  develops  a  torque  of  3,809  inch* 
pounds  delivering  to  pinion  shaft  13,541  inch-pounds,  and  to  drum 
71,052  inch-pounds. 

Width  of  Belt.  The  page  of  calculation  for  belt  width  is  repro- 
duced in  Fig.  3. 

The  calculation  as  given  is  strictly  Bcientifio,  based  on  the 
working  strength  of  a  cemented  joint  (^=400  lbs.  per  square  inch). 
This  is  a  favorable  situation  for  the  use  of  a  cemented  joint,  be- 
cause it  is  easy  to  provide  means  of  adjusting  the  belt  tension  by 
placing  the  motor  on  a  sliding  base.  Otherwise  a  laced  joint  could 
bo  used,  requiring  relacing  when  the  belt  slackens  through  its 
stretch  in  service.  Under  the  assumption  that  a  double  laced  belt 
is  used,  the  empirical  formula  below  is  one  often  applied: 

^XV     W7X1,300 


H.  F.=  ':fi7^= 


540 


30 


540 
This  gives  w=  -r-o7j7r-=12-4  inches  (say  12  inches). 

It  should  be  remembered  that  this  value  is  purely  empirical; 
it  applies  to  a  laced  joint,  and  could  not  be  expected  to  check  the 
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value  of  9  inches  obtained  by  the  first  computation  for  a  cemented 
joint.  It  is  fairly  in  proportion.  For  the  quite  definite  service 
required  of  the  belt  in  the  present  case,  the  width  of  9  inches  is 
doubtless  sufficient,  considering  the  cemented  joint. 

Lens^th  of  Bearings.  Considerable  latitude  in  choice  of  length 
of  bearings  is  permissible,  especially  in  such  slow-speed  machinery. 
There  is  probably  little  danger  from  heating,  and  the  question  then 
becomes  one  of  wear.  It  is  better  in  such  cases  as  the  one  in  ques- 
tion, to  choose  boldly  a  length  which  seems  to  be  reasonable  and 
proceed  with  the  design  on  that  basis,  even  if  the  length  be  later 
found  out  of  proportion  to  the  shaft  diameter,  than  to  waste  too 
much  time  in  the  preliminary  calculation  over  the  exact  determina- 
tion  of  this  question.  Probably  in  most  cases  of  commercial  prac- 
tice the  existence  of  patterns,  or  some  other  practical  consideration, 
will  decide  the  limits  of  length. 

In  the  present  instance  it  seems  reasonable  that  a  length  of 
6  inches  would  fill  the  requirement  for  the  worst  case,  that  of  the 
drum  shaft,  and  it  is  obvious  that  the  bearings  for  the  pinion  shaft 
would  naturally  be  of  the  same  length  on  account  of  being  cast  on 
the  same  bracket,  and  faced  at  the  same  setting  of  the  planer  tool. 

Height  of  Centers.  The  large  pulley  should  naturally  swing 
clear  of  the  floor.  This  will  require,  say,  a  total  height  of  23 
inches,  out  which  wo  may  take  4  inches  for  the  base,  leaving  19 
inches  as  the  heicrht,  center  of  bearincr  to  base  of  bracket. 

Data  on  Sketch.  The  data  as  found  above  should  now  be  put 
on  the  sketch  j)reviou8ly  made;  it  will  then  have  the  appearance 
shown  in  Fig.  1. 

This  sketch  is  now  in  form  to  control  all  the  subsequent  detail 
design,  and  it  is  expected  that  the  figured  dimensions  as  shown  can 
be  maintained.  It  is  impossible  to  predict  this  with  positiveness, 
however,  as  in  the  working  out  of  the  minor  details  certain  changes 
may  be  found  desirable,  when,  of  course,  they  should  be  made. 

The  shaft  sizes  do  not  appear  on  this  sketch,  hence  before 
proceeding  further  the  several  shaft  diameters  must  be  calculated. 

Sizes  of  Shafts.  The  calculations  of  the  shaft  diameters  are 
good  instances  of  systematic  engineering  computations,  hence  they 
are  reproduced  in  the  exact  form  in  which  they  were  made.  The 
student  should  learn  a  valuable  lesson  in  making  and  recording 
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.nUtions  by  fo1Iowin<r  these  carefallj.  Note  that  each  Bet  of 
area  is  independent,  hoth  in  the  statement  of  given  data,  as  well 
ID  the  actual  computation.  Observe  how  easy  it  would  be* for 
N  IDthor  of  these  figures  or  anyone  else  to  check  them  even  after 


Syt^jUjt. 


f^^"^^  -t<i>>T^.  7HiU(»/.l 


\tX,=  11-73 


B-/*73«5'=  7365" 
7".  6*S^^S:tS^33fe> 


msi 


/S¥-S5-- 


tcn^et' 


S.I 
^3,  /FM-fS""  s:i 


■7.S71- 


eC^/^nl 


'  ^./•J- 


■^"-f  ^f- 


Rg.  «. 
a  long  lapse  of  time.     If  the  machine  should  nnexpecteilly  fail  in 
aervice  the  figures  are  always  available  to  prove  or  disprove  theor- 
etical weakness.     The  right  triangles  merely  indicate  that  the 
valneof  i  'K'+'l"  waa  foood  by  the  graphical  method  suggested  in 
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Part  II,  *'  Shafts,"  the  figarea  being  pat  on  the  triangle  as  a  sim- 
ple and  direct  way  of  recordiDg  both  process  and  result. 

*  Attention  is  especially  called  to  the  fact  that  in  the  pinioa 
■haft  the  size  is  changed  for  each  piece  upon  the  shaft.     This  ia 

pl&L*.S^  -^-udtix**  -Sf-fXf  /Hay  »L/  'o  3     - 

T;;,-r,7;-/*-73 


'JSiS-f/S-V^S-^  Z170O 


3.-x-)9o  = 


S.I         . 
S.I 
3       ^"-^  - 


:   /V-  ^i^ 


^ 


rig.  r, 


done  jiartly  bi'cause  it  is  dcaired  to  bIww  the  student  that  the  shaft 
at  t'iuh  of  these  points  slioiild  be  theoretically  of  different  size. 
It  is  iilso  duno  becnuse  as  a  practical  ft^ature  of  construction  it  is  a 
i;cK»d  plan  to  change  the  si^fe  whtm  the  fit  cliangi's,  pjirtlyfor  rea- 
sons of  prodaction  in  the  shop,  partly  fur  ease  in  slipping  piecss 
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fiv^-ly  endwise  on  the  shaft  until  they  reach  their  proper  fit  and 

location  in  the  assembling  of  the  machine. 

This  should  not  be  taken  as  an  absolute  requirement  in  any 

sense.     A  straight  shaft  would  be  satisfactory  in  the  present  case; 

but  the  shouldered  shaft  is  a  little  better  construction,  in  a  mechan- 
ical  sense,  and  does  not  cost  much  more.  Hence  it  is  used.  For 
the  drum  the  straight  shaft  seems  to  answer  the  requirement  well 
eDongh. 


75 


73«  //7g'¥' 


//7t^^///7S'^'r/3S^/^ 
//79¥^/7fSo  «  :i^73^ 


// 


iniH- 


3L^73¥- 

jr./ 

Fig.  6. 

Small  Pulley  Bore.  Fig  4. 
Lars^e  Pulley  Bore.  Fig.  5. 
Bearing:  Next  to  Large  Pulley. 

The  diameter,  2}  J,  as  calculated,  is  bast»d  on  the  supposition 
that  the  greatest  bending  moment  is  caused  by  the  belt  ])ull  on  tlie 
overhanging  pulley,  that  is,  by  the  forces  existing  at  the  left-hand 
bide  of  the  center  of  the  bearing. 


Fig.  R. 
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But  the  pinion  tooth  load   proiliiwa  a  luiivy  l>eiidirijj  on  tbe 
ahaft  ill  thy  bearing,  the  sLaft  in  this  «iac  acting  as  a  WamBiip' 


-3MS-S 


■■  3¥SS  ".  33-  -^    /2./03  (cU*jL  S:  ^ 


^~  /72o8 


"5=  /9-^A/3*^7-* 

=  f7s.o3  -f- z/foo  -  Sf  /oS 

Vf=  39'OSK^.I^  2.'t.?2.n 


rig-  7. 

ported  at  the  two  bearinfis  and  luiving  tlie  tooth  load  ajiplied  as 
i^owii.     If  this  luttur  eH'ect  bu  greater  tliaii  the  former,  that  is,  if 
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j.        Ae  l)enJinjr  moment  prcxluciHl  by  the  pinion  tootL  load  be  greater 
than  the  Wnding  moment  produced  by  the  belt  pull,  then  the  diam- 
eter must  l)e  increased  to  satisfy  the  latter  case.     As  is  seen  by 
the  second  calculation  of  Fig.  0,  this  is  not  the  case,  and  the  diam- 
eter stands  at  2  J  J  as  made. 

Pinion  Bore.     Fig.  7.     The  pinion  being  a  driving  fit  upon 

the   shaft,  reinforces  the  shaft  to  such  an  extent  that  it  is  hardly 

possible  for  the  shaft  to  break  oflf  very  far  inside  the  face  of  the 

pinion;  but  it  is  quite  possible  that  the  metal  of  the  pinion  may 

give  enough,  or  be  a  little  free  at  the  ends  of  the  hole,  so  that  the 

®Qaft  may  be  broken  oflF,  say  i  inch  inside  the  face.     In  this  case, 

*^  inay  fail  from  the  moment  of  the  force  at  the  left-hand  bearing 

^'^  of  that  at  the  right.     It  may  fail  then  at  (a)  or  (b),  depending 

P*^   ^bich  section  has  the  greater  bending  moment.     Trying  both, 

^^     is  seen   by  the  calculation  that  the  right-hand  moment  is  the 

trolling  one,  and  it,  therefore,  is  used. 

Shaft  Outside  of  Pinion.     Fig.   8.     As  there   is   no   power 
nsmitted  through  this  portion  of  the  shaft,  there  is  no  torsional 
^Oment  in  it,  and  the  bending  moment  remains  practically  the 
^^^e  as  inside  the  pinion. 

The  size  figures  about  2}  J,  but  since  there  is  no  use  in  turn- 
^^g  off  material  just  to  reduce  the  size  to  this,  it  is  well  to  make 
^t  2J,  or  just  smaller  than  the  fit  in  the  pinion. 

Pinion  Shaft  Outer  Bearing.  Fig..  8.  This  diameter,  of 
^nrse,  tiscurea  small,  as  there  is  no  torsion  in  it,  and  the  bending 
^Uoint-nt  is  not  heavy.  The  practical  question  comes  in,  however, 
Nvhether  it  is  advisable  to  make  the  outer  bracket  different  from 
the  inner  one  just  on  account  of  this  bearing.  The  commercial 
answer  to  this  would  probably  be  '*  No,"  hence  the  size  as  figured 
next  to  the  pinion  will  be  maintained  (2}  J). 

Drum  Shaft.  Fig.  IL  In  this  case,  as  previously  inferred, 
the  sinijJest  thing  to  do  is  to  use  a  piece  of  straight  cold -rolled 
steel,  and  make  both  bearings  alike,  the  size  being  determined 
according  to  the  worst  case  of  loading  which  can  occur  as  the 
rope  travels  from  end  to  end  of  the  drum.  This  case  is  evi- 
dently when  the  rope  is  at  the  end  of  its  travel  close  to  the  brake, 
fnr  at  that  time  both  the  load  on  the  rope  and  the  load  on  the  pinion 
tooth  which   is  driving  it  are  exerted  upward,  and  produce  the 
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ID  at  (hii  beariug  next  to  tho  gtjar.     The  analysis  (j 

)  fonefl  1        ^is  coiidition  ia  eIiowu  in  Fig.  9. 

I        OUier        iitioDS  of  loading  would  be  when  the  brake  is  OD 

!BBd  the  tsjoti    load  relievt*d,  but  then  the  resultant  of  tlia  l>mks 

stnip  tensions  won:.i  lie  diagonally  downward  and  wodd  rwlnn 

•Siu,  S^^c/,    ^   i/'^.  7 


y,=ll5^17v  =  2.7f  .a^^2%. 


'T^"^'^-'-^"^ 


3»^l^i x3^  /C  ^6 


Fig.  8. 
rather  than  add  to  thu  ru[)e  load.  Again,  when  tha  rope  is  at 
the  end  of  the  drum  farthest  from  the  gear,  the  load  on  it  and 
the  load  on  the  pinion  tooth  are  both  exerted  upward  as  before,  bat 
the  reaction  cannot  he  as  great  as  in  the  case  of  Fig.  0,  because  the 
tooth  load  is  still  concentrated  at  the  other  end  of  the  shaft  and 
produces  a  relattTelj  small  reaction  at  the  rope  end. 
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Preliminary  Layout.  Fig.  10.  Proceeding  now  with  the  lay 
rat  to  scale,  the  detail  of  the  parts  may  be  worked  out  as  com- 
Jetely  as  the  scale  of  the  drawing  will  permit.  The  work  on  this 
Inwing  may  be  of  an  unfinished,  sketchy  nature,  but  the  measure- 
nenta  must  be  exact  as  far  as  they  go,  for  this  drawing  is  to  serve 
isthe  reference  sheet,  from  which  all  future  detail  is  to  be  worked  up. 

In  this  layout  may  be  worked  out  the  sizes  of  the  arms  and 
mbs  of  pulleys  and  gears,  the  proportions  of  the  drum  and  brake 
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Fig.  9. 

ap,  and  the  general  dimensions  of  the  side  brackets  and  i\ut 
3e.  When  the  detail  becomes  too  fine  to  work  out  t/j  a/lvan- 
re  on  this  drawintf  it  may  be  worked  out  full  myjt  by  a  'rj-y^r^u- 
jtch,  or  left  to  be  finished  when  it  is  regularly  (ihUVM.  T}ir 
Jiminary  layout,  it  should  be  rememberer],  in  a  Bfjrvi^-/-  H}ji.«:t 
Iv,  a  means  of  carrvin*'"  alont'  the  desitrri,  and   not   \u**'\t'\**\    f',r 
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%  finislied   drawing.     The  moment  that  the  free  use  of  the  layout 

is  impaired    by   trying  to  make  too  much  of  a  drawing  of  it,  its 

value  i3  largely  lost.     A  designer  must  have  some  place  to  try  out 

his  sdiemes  and  devices,  and  the  layout  drawing  is  the  place  to  do 

it.     Tills  drawing  may  be  recurred  to  at  internals  in  the  progress 

of  tho  design,  details  being  filled  in  as  they  are  worked  out,  as 

thry  may  control  the  design  of  adjacent  parts. 

As  the  discussion  of  the  design  of  each  of  the  members 
involved  in  the  present  problem  can  be  better  taken  up  in  con- 
nection with  the  detail  drawing  of  each,  it  will  be  given  there, 
rather  than  in  connection  with  the  layout,  although  many  of  the 
proportions  thus  discussed  could  be  worked  Qut  direr '/ly  from  the 
latter. 

Pulleys.  Fig.  11.  The  ajialysis  of  the  forceu  *n  the  belt 
gives,  according  to  the  calculation  of  Fig.  3,  a  tension  in  the  tight 
side  of  1,059  pounds,  and  in  the  slack  side  414  pounds.  The 
difference  of  these,  or  1,059 — 414=645  pounds,  is  transmitted  to 
tho  pulley  and  produces  the  torque  in  the  shaft.  Of  course  in 
the  small  pulley  the  torque  is  transmitted  from  the  motor  through 
the  pulley  to  the  belt,  but  both  cases  are  the  ^same  as  far  as  the 
loading  of  the  pulleys  is  concerned. 

The  only  other  force  theoretically  acting  is  the  centrifugal 
force  due  to  the  speed  of  the  pulley.  This  produces  tension  in 
the  rim  and  arms,  but  for  the  low  value  of  1,300  feet  per  minute 
j^>eripheral  velocity  in  this  case  may  be  disregarded. 

Considerincr  the  arms  as  beams  loaded  at  the  ends,  and  that 
(»ne-half  the  whole  number  of  arms  take  the  load,  and  for  con. 
v«?nience,  figuring  the  size  of  the  arms  at  the  center  of  the  pulley, 
gives  the  following  calculation  for  the  large  pulley: 

^X21=?^=.0393x2,500x^«  Let     S=2,500 

^  /  •*       ;i=rbreadth  of  oval 

fc>=.;?^i^=46  -    .4A=thicknessofoval 

98. 2o 

h=  i^l6=3.6  (say  3.5) 

.4fc=.4x3  5=1.4  (say  1  7-16) 

This  is  about  all  the  theoretical  figuring  nece.'^sary  on  this 

pulley.     The  rim  is  made  as  thin  as  experience  judgec  it  capabl»3 

of  being  cast;  the  arms  are  tapered  to  suit  tho  eye,  tluis  o-ivinct 

ample  fastening  to  the  rim  to  provide  against  shearing  off  the  rim 
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from  the  arms ;  generous  fillets  join  the  arms  to  both  rim  and  hub; 

and  the   hub    is    given  thickness  to  cany  the  key,  and   length 

enongh    to    prevent    tendency  to  rock  on    the  shaft.     Uncertain 

strains  due  to  unequal  cooling  in  the  foundry  mold  may  be  set  up 

in  the  amis  and    rim,  but  with  careful  pouring  of  the  metal  they 

should  not  \h3  serious,  and  the  low  value  chosen  for  the  fibre  stress 

allows  consideraV)le  margin  for  strength. 

Tlie   small    pulley  has  the  same  forces  to  withstand  as  the 

large  pulley,   l>ut  on  account  of  its  small  diameter  there  is  not 

room  enoucrli    for  arms  between  the  rim  and  the  hub,  hence  it  is 

made  "with  a  web.     The  web  cannot  be  given  any  bending  by  the 

belt  pull,   the    only  tendency  which  exists  in  this  case  being  a 

shearlncr  -where  the  web  joins  the  hub.     This  shearing  also  exists 

throutrhout  the  web  as  well,  but  at  other  points  farther  from  the 

center  it  is  of  less  magnitude,  and  moreover,  there  is  more  area  of 

metal  to  take  it.     The  natural  way  to  proportion  the  thickness  of 

the  ^web  is  to  give  it  an  intermediate  thickness  between  that  of  the 

hub  and  rim,  thus  securing  uniform  cooling,  and  then  figure  the 

stress  as  a  check.     Making  this  value  ^  inch  gives  a  shearing  area 

of  5  multiplied  by  the  circumference  of  the  hub,  which  is  3.1416 

G45  X  5.25 
X  4  =  12.56.     The  shearing  force  at  the  hub  is ^   "^   ^=1,693 

pounds.     Equating  the  external  force  to  the  internal  resistance 

l/;93  =  gx  12.56x8 

^      1.693X8       -.,  ,  .     ,   ,  , 

S  =  ,,       ^^  ^    =  lo4:  pounds  per  square  men  fapprox.). 

This  is  a  very  low  figure,  even  for  cast  iron,  hence  tlie  web  is 
amply  strong.  The  rim  and  hub  are  proportioned  as  for  the  large 
pulley. 

The  keys  are  taken  from  the  standard  list.  They  may  be 
checkeil  for  shear,  crushing  in  the  hub,  and  crushing  in  the  shaft, 
but  the  hubs  are  so  long  that  it  is  at  once  evident  without  figuring 
that  the  stress  would  run  very  low  in  both  cases. 

Gears.  Fig.  12.  The  analysis  of  the  forces  acting  on  the 
gears  has  been  given  on  J)age  28,  4,000  pounds  being  taken  at  the 
pitch  line.  losing  this  same  value,  and  choosing  a  T-shaped 
ann  as  a  good  form  for  a  heavily  loaded  gear  like  the  present  one, 
l^t  us  consider  that  the  rim  is  stiff  enough  to  distribute  the  load 
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equally  between  all  the  arms,  and  that  each  acts  as  a  beam  loaded 
at  the  end  with  its  proportion  of  the  tooth  load.  Before  we  can 
determine  the  length  of  these  arms,  however,  we  must  fix  npon  the 
size  of  the  flange  which  is  to  carry  the  driving  bolts.  This  is  taken 
at  13  inches.  It  could  be  smaller  if  desired,  but  drawing  the  bolts 
in  toward  the  center  increases  the  load  on  them,  and  13  inches 
seems  reasonable  until  it  is  proved  otherwise.     This  makes    the 

»     X.-  1,                                    4,000X11.5 
maximum  moment  which  can  come  on  an  arm  ^ =7,ooo 

inch.pounds. 

Now  it  is  evident  that  the  base  of  the  T  arm  section,  which 
lies  in  the  plane  of  rotation,  is  most  effective  for  driving,  and 
that  the  center  leg  of  the  T  does  not  add  much  to  the  driving 
capacity  of  the  arm,  although  it  increases  the  lateral  stiffness  of 
the  arm,  as  well  as  providing  in  casting  a  free  flow  of  metal  between 
the  rim  and  the  hub.  Hence  the  simplest  way  of  treating  the  sec- 
tion of  the  arm  for  strength  is  to  consider  the  base  of  the  T 
only,  of  rectangular  section,  breadth   i,  and  depth  A,   for  which 

the  internal  moment  of  resistance  is  ^ ■ 

o 

Also,  i*"  is  simplest  to  assume  one  dimension,  say  the  breadth, 

and  the  allowable  fibre  stress,  and  figure  for  the  depth.     Taking 

the  breadth  at  IJ  inches,  which  looks  about  right,  and  the  fibre 

stress  at  2,500,  and  equating  the  external  moment  to  the  internal, 

we  have 

7,666  =  ^-^^">^^/^^^^-' 

_6X  7,606 
^       2,500X1.125      ^^'^ 

h  =  |/IO  =  4.05  (say  4^) 
Drawing  in  this  size,  and  tapering  the  arm  to  the  rim  as  in 
the  case  of  the  pulleys,  making  the  depth  of  the  rim  according  to 
the  suggested  proportions  given  in  Part  II,  "  Gears,"  giving  the 
center  leg  of  the  T  a  thickness  of  J  inch  tapering  to  1  inch,  and 
heavily  filleting  the  arms  to  the  rim  and  center  flange,  we  have  a 
fairly  well  proportioned  gear. 

The  next  thing  to  determine  is  the  size  of  the  driving  bolts. 
The  circle  upon  which  their  centers  lie  may  be  11  inches  in  diam- 
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',  aud  there  will  naturally  be  six  bolts,  one  between  each  arm. 
These  bolts  are  in  pure  shear,  and  the  material  of  which  they  are 
to  be  made  ought  to  be  good  for  at  least  8,000  pounds  per  square 
inch  fibre  stress.     The  force  acting  at  the  circumference  of  an 

11-inch  circle  would  be  -^ — z-z =13,091  pounds. 

Equating  the  load  on  each  bolt  to  the  resisting  shear  gives 

13,091    o  nrvx  >  A     8,000x3.1416x^2      Let  A=area  resisting  shear. 
e~^^      ^  ~~i Let  d=dia.  of  bolt 


Then  A=— r^ 


4X13,091 
6X8,000X3.1416"" 


d=  \/  .35  (say  .6)    J^-inch  bolts  would  do. 

But  I -inch  bolts  are  pretty  small  to  use  in  connection  with  such 
heavy  machinery.  They  look  out  of  proportion  to  the  adjacent 
parts.  Hence  |-inch  bolts  have  been  substituted  as  being  better 
suited  to  the  place  in  spite  of  the  fact  that  theoretically  they  are 
larger  than  necessary.  The  extra  cost  is  a  small  matter.  These 
bolts  may  crush  in  the  flange  as  well  as  shear  off,  but  as  there  is 

13  091 
an   area  of  |X  11  =  1.422  square  inches  to  take— -^ —  =2,182 

pounds,  the  pressure  per  square  inch  of  projected  area  is  only 

y-T:7^=l,534  pounds,  which  is  very  low. 

This  gear  needs  no  key  to  the  shaft  because  all  the  power 
comes  down  the  arms  and  passes  off  to  the  drum  through  the  bolts, 
thus  putting  no  torsional  stress  in  the  shaft.  The  face  of  the 
flange  is  counterbored  so  as  to  center  the  gear  upon  the  drum, 
without  relying  upon  the  fit  of  the  gear  upon  the  shaft  to  do  this. 
The  pinion  is  solid  and  needs  no  discussion  for  its  desi<rn. 
Brackets  and  Caps.  Fig.  13.  As  the  size  of  the  drum  shaft 
was  determined  by  considering  the  rope  wound  close  up  to  tho 
brake,  thus  giving  in  combination  with  the  load  on  the  gear  tootli 
the  maximum  reaction  at  the  bearing  as  6,748  pounds,  the  cap  and 
bolts  should  be  designed  to  carry  the  same  load. 

For  a  bearing  but  0  inches  long,  two  bolts  are  sufficient  under 
ordinary  conditions  and  might  perhaps  do  for  this  case.  The  load 
is  pretty  heavy,  however,  and  it  is  deemed  wise  to  provide  four 
bolts,  thus  securing  extra  rigidity,  and  permitting  the  use  of  bolts 
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of  comparatively  small  size.  If  the  load  were  distributed  equally 
over  all  the  bolts  each  would  take  one-fourth  of  the  whole  load, 
but  it  is  not  usually  safe  to  figure  them  on  this  basis,  because  it 
is  difficult  to  guarantee  that  each  bolt  will  receive  its  exact  share 
of  stress.  Assuming  that  the  two  bolts  on  one  side  take  -|  the 
whole  load  instead  of  i,  which  provides  for  this  uncertain  extra 
stress,  each  bolt  must  take  care  of  -\  of  0,748,  or  2,241),  pounds. 
Allowing  8,000  pounds  per  square  inch  fibre  stress  calls  for  an 

2  249 
area  at  the  root  of  the  thread  of  ^ttttttt  =  -SSI  square  inch.     Con- 
sulting a  table  of  bolts  we  find  that  the  next  standard  size  of  bolt 
greater  than  this  is  |,  which  gives  an  area  of  .302  square    inch. 

Choosing  this  size  as  satisfactory,  the  bolts  should  be  located 
as  close  to  the  shaft  as  will  permit  the  hole  to  be  drilled  and  tapped 
witnout  breaking  out.  A  center  distance  of  5  A  inches  accomplishes 
this  result.  The  distance  between  centers  in  the  other  direction 
is  somewhat  arbitrary,  although  the  theoretical  distance  between 
the  bolt  and  the  end  of  the  bearing  to  give  equal  bending  moment 
at  the  center  of  the  cap  and  at  the  line  of  the  bolts  is  about  ^^  of 
the  length,  or  -2^^  of  G  =  1 J  inches.  This  proportion  answers 
well  for  the  present  case,  although  for  long  caps  it  brings  the 
bolts  too  far  in  to  look  well. 

The  thickness  of  the  cap  may  be  determined  by  assuming  it 
to  be  a  beam  su])ported  at  the  bolts  and  loaded  at  the  middle. 
This  is  not  strictly  true,  for  tlie  load  is  distributed  over  at  least  a 
portion  of  the  shaft  diameter;  moreover,  the  bolts  to  some  extent 
make  the  beam  fixed  at  the  ends.  It  being  impossible  to  determine 
the  exact  nature  of  the  loading,  we  may  take  it  as  stated,  supported 
at  the  ends  and  loaded  in  the  middle,  and  allow  a  higher  fibre 
stress  than  usual,  say  3,500.  The  longitudinal  section  at  the 
middle  of  the  cap  is  rectangular,  of  breadth  (>  inches,  and  denth 
unknown,  say  h.     The  equation  of  moments  is 

AVX? _   S^Xl      Sxf>xP 
4     '"     c     "'''        (3 
6.748  X  5.5  _  3,500  X  C  x  //' 
4  0 

/,. 6X0,748X5.5 

"  ~     4X3,500X6    ~'^'^'' 

A  =  V2M=1.62  (IJ  will  probably  answer) 
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Fur  tlie  otlier  U^aring  next  to  the  pinion,  the  load  on  the  tooth 
eta  dtiwiiwanl,  and  the  resultant  pull  of  the  belt  is  nearly  hori- 
ootal,  hence  the  cap  and  holts  must  stand  but  little  load,  and 
alculalioa  would  irive  minute  values.  In  a  case  like  this  it  is 
irell  to  make  the  size  the  same  as  for  the  larger  bearing,  unless 
Lbe  constniction  becomes  very  clumsy  thereby.  This  saves  chang- 
ing drills  and  taps  in  making  the  holes,  and  preserves  the  symmetry 
of  tlie  bracket.  The  |-ineh  bolts  are  good  proportion  for  the 
smaller  l>earintx.  hence  tliat  size  will  be  maintained  throughout. 

The  body  of  the  bracket  is  conveniently  made  with  the  web  at 
the  side  and  horizontal  ribs  extending  to  the  outside.     The  loud  due 
to  the  rope  is  carried  directly  djwn   the   side  ribs  and  web  into 
the  bottom  flanges  and  to  the  bolts.     The  analysis  of  the  forces 
.on  these  lx»lts  is  shown  in  Fig.  14.     It  is  evident  from  the  figure 
that  the  resultant  belt  pull  tends  to  hold  the  bracket  down,  while 
the  load  on  the  rope  tends  to  jmll  it  up,  the  point  about  which  it 
tends  to  rotate  being  the  corner  furthest  from  the  drum.     It  is  also 
evident  thac  the  bolts  nearest  this  corner  can  have  little  effect  on 
the  holding  down,  because  their  leverage  is  so  small  about  the  cor- 
ner,  hence  we  shall  assume  that  the  pair  of  bolts  at  the  right-hand 
end  of  the  bracket  takes  all  the  load.     The  belt  pull,  being  hori- 
zontal, tends  to  slide  the  bracket  along  the  base,  but  this  tendency 
is  small,  and  at  any  rate  is  easily  taken  care  of  by  the  two  dowel 
pins,  which  are  thus  put  in  shear.    . 

The  load  on  the  bolts  l>eing  4,l>o4  pounds,  a  heavy  bending 
moment  is  thrown  on  the  flange  of  the  bracket,  tending  to  break 
it  off  at  the  root  of  the  fillet.  The  distance  to  the  root  of  the  fillet 
is  2  inch;  the  section  tending  to  break  is  rectangular,  of  breadth 
oh  inches,  and  unknown  depth  //.     The  equation  of  moments  is 

^,,     ,       Svl       SxJx/r 
c  t> 

4,954X3      2,500  X  5.5  X//' 


4X2,500X5.5 

A=l/D]2=-1.3(8aylJ). 
The  thickness  of  the  web  and  ribs  of  tliis  bracket  is  hardly 
capable  of  calculation.     The  figure  |  inch  has  been  chosen  in  pro- 
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portion  to  the  size  of  the  lai^  dram  bearing,  giving  ample  sdl 
nesa  and  rigidity,  and  permitting  tinifonn  flow  and  cooling  of  d 
metal  in  the  mold,  "nie  opening  in  the  center  is  made  meralrll 
sa,v6  material,  as  in  that  part  little  atresa  woold  exist,  the  tW0(d 


s^          ^y 

-3          ^             txKM 

—  •7' 

<                   37/                     > 

- 

w 

^ow*  ¥■^^ "  stJ^w  +  iim^^iq 

w 

e     J»»«  X  *i3.  ti.s—  1 4-7  ■&  K  /  7 

37.»7  5- 


carrying  tlie  load  down  to  the  base  bolts,  and  the  top  aenring  as  a 
tie  between  tha  bearings. 

This  br&cket  might  be  made  with  the  web  in  the  center  of  the 
bearings  instead  of  at  the  side,  in  which  case  the  expense  of  the 
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pattern  would  be  slightly  greater.  It  could  also  be  made  of  closed 
box  form,  bnt  would  in  that  case  probably  weigh  more  than  as 
shown. 

Drum  and  Brake.  Fig.  15.  The  analysis  of  the  forces  acting 
on  the  drum  is  simple,  but  its  theoretical  design  is  more  compli- 
cated. It  is  evident  that  the  drum  acts  as  a  beam  of  hollow  circular 
cro?j«  section,  and  that  its  worst  case  of  loading  is  when  the  rope  is 
at  or  near  the  middle  of  the  drum  length.  At  the  same  time  the 
metal  of  this  circular  cross  section  is  in  a  state  of  torsion  between 
the  free  end  of  the  rope  and  the  driving  gear,  due  to  the  load  on 
the  gear  tooth  and  the  reaction  of  the  rope.  Also  the  wrapping  of 
the  rope  around  the  drum  tends  to  crush  the  metal  of  the 
section  beneath  it,  the  maximum  effect  of  this  action  being  near 
the  free  end  of  the  rope  where  its  tension  has  not  been  reduced  by 
friction  on  the  drum  surface. 

Now  the  "  mechanics  "  to  solve  the  problem  of  these  three 
combined  actions  is  rather  complicated.  It  can  be  at  least  approx- 
imately solved,  however,  for  it  satisfies  fairly  well  the  case  of 
combined  compression  and  shear.  But  on  a  further  study  of  this 
particular  case,  it  is  seen  at  once  that  the  diameter  of  the  drum  is 
relatively  large  with  respect  to  its  length,  which  means  that  the 
thickness  of  the  metal  may  be  very  small  and  yet  give  a  large 
resistinrr  area,  or  value  of  "  I,"  both  in  direct  bendincr  as  well  as 
torsion;  also  it  is  so  short  that  the  external  l)endincr  moment  will 
be  small.  Tbo  practical  condition  now  comes  in,  that  the  drum 
can  be  safely  cast  only  when  the  thickness  of  the  metal  is  at  a 
minimum  limit,  for  the  core  may  be  out  of  round,  not  set  centrally, 
or  by  some  other  variation  produce  thin  spots  or  even  develop  LuU^s 
reaching  out  into  the  rope  groove,  discovered  only  when  the  latter 
is  turned  in  the  lathe. 

Hence  it  seems  reasonable  and  safe  in  this  case  to  make  the 
thickness  of  the  drum  depend  simply  upon  the  crushing  caused  l)y 
the  wrapping  of  the  rope  around  it,  and  we  shall  take  the  coil 
nearest  the  free  end  of  the  rope,  assuming  that  it  carries  the  full 
load  of  5,000  pounds  throughout  one  complete  wrap  around  the 
drum. 

The  area  resisting  the  crushing  action  may  be  considered  to 
be  that  of  the  cross  section  of  a  ring,  of  width  equal  to  the  pitch 
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of  the  groove.  Assuming  that  ^  inch  is  the  least  thickness  which 
can  be  safely  allowed  under  the  groove  for  casting  purj)Oses,  let 
us  figure  the  crushing  fibre  stress  to  see  if  this  is  sufliciently 
strong.  Disregarding  the  small  amount  of  metal  existing  above 
the  bottom  of  the  groove,  this  gives  the  area  to  resist  the  crushing 
gX|=  J4»  ®^  '^^  inch.  Since  there  are  two  of  these  sections  and 
the  rope  acts  on  both  sides,  the  equation  of  forces  is: 
6,000x2  ==SX.47X2 

5  000x2 
S  =  -—=— rt    =  10620  pounds  per  square  inch. 

This,  for  cast  iron,  in  pure  crushing,  allows  j)lenty  of  margin 
for  the  extra  bending  and  torsional  stress,  which  for  such  a  con- 
siderable thickness  would  be  slight. 

The  above  case  indicates  a  method  of  reasoning  much  used  in 
designing  machinery,  which  while  following  out  the  specified 
routine  of  thought  as  previously  given  in  these  pages,  stops  short 
of  elaborate  and  minute  theoretical  calculation  when  such  is  obvi- 
ously unnecessary.  If  a  drum  of  great  length  were  to  be  designed, 
and  of  small  diameter,  the  same  method  of  reasoninrr  would  deduce 
the  fact  that  the  design  should  be  based  on  the  bending  and  the 
torsional  moments,  the  thickness  in  such  a  case  being  so  great  to 
withstand  these  that  the  intensity  of  the  crushing  due  to  wrap  of 
the  rope  becomes  of  inappreciable  value. 

The  remaining  points  of  design  of  the  drum  are  determined 
from  practical  considerations  and  judgment  of  appearance.  The 
ribs  behind  the  arms  are  put  in  to  give  lateral  stilfness  and  guard 
against  endwise  collapse.  Tlio  arms  are  subject  to  the  same  bend- 
ing as  those  of  the  gear,  but  as  they  are  equally  heavy  it  is  not 
necessary  to  calculate  them.  The  flange  at  the  driving  end  is  of 
course  matched  to  that  already  desigiied  for  tlie  gear.  The  rope 
is  intended  to  be  brought  through  the  right-hand  end  with  an 
easy  bend  and  the  standard  form  of  button  wedged  on  to  prevent 
its  pulling  through. 

This  drum  would  probably  be  cast  with  its  axis  vertical,  and 
the  driving  flange  down  to  secure  sound  metal  at  that  point. 
Heavy  risers  would  be  left  at  the  other  end  to  secure  soundness 
where  the  rope  is  fastened.  Drums  are  often  cast  with  the  axis 
horizontal,  but  the  vertical  method  is  more  certain  to  produce 
a  sound  casting*      The  grooves  should  be   turned    from    the 
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solid  metal,  partly  because  it  is  a  difficult  matter  to  cast  them,  but 
principally  because  the  rope  should  run  on  as  smooth  surface  as 
possible  to  avoid  undue  wear.  On  drums  which  carry  chain  instead 
of  wire  rope  the  grooves  are  sometimes  cast  with  success,  although 
even  in  this  case  the  turned  groove  is  generally  preferable. 

The  brake  consists  of  a  wroucjht-iron  band  to  which  are  fast- 
ened  wooden  blocks,  the  iron  band  giving  the  requisite  strength 
while  the  blocks  give  frictional  grip  on  the  drum  surface  and  can 
be  easily  replaced  when  worn.  As  in  the  designinjir  of  a  belt  the 
object  in  view  is  the  grip  on  the  pulley  surface  by  the  leather  to 
enable  power  to  be  transmitted  from  the  belt  to  the  pulley,  so  in 
the  case  of  the  brake  if  we  put  the  proper  tension  in  the  etrap  it 
can  be  made  to  grip  the  brake  drum  so  tightly  that  motion  between 
it  and  the  drum  cannot  occur.  The  latter  case  is  really  the  reverse 
of  the  first,  if  the  driven  pulley  be  considered,  but  is  identical  with 
the  ca^e  of  the  driving  pulley,  in  which  the  power  is  transmitted 
from  the  pulley  to  the  bt^lt.  Of  course  in  the  case  of  the  brake 
no  j»ower  is  transmitted,  as  when  the  brake  holds  no  motion  occurs, 
but  the  principle  of  the  relative  tensions  in  the  strap  is  the  same 
as  for  the  belt. 

Since  tlio  brake  drum  surface  is  2S  inches  in  diameter,  the  load 
at  that  surface  whidi  tlu*  brake  must  hold  is 

^--'      il^^To-    =4,^21  pounds. 

We  have  thrn  tlie  following  calculation  corresponding  exactly 
to  that  of  the  belt  driven  in  Fi«i.  o. 

log.  r..'  =  2. 1  eO  XnX^i  ,,     ^ 

T,-T,=  P  =  4,S21 

T,_^^.  .^         ~-r_Ari9  (forwhich  the  natural  inruin-: 

I  IS     *»»^o  J. 

T  T 

llien  fp-=  o.^o       1^^  —  TT  .>-- 

T         "^  "^^  vT 
T„-T,  =  4,S21  T„-3^5=^j-J-5  =  4,821 

T„  =  i:^.J--^.?— =  G,0G;}  jwunds  (say  7,000) 
T,  =  6,963—4,521  =  2.142  jK)unds  (say  2,200) 
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The  tight  end  of  the  strap  mnst  tlien  be  capable  of  carrying  a 
load  of  7,000  pounds,  and  since  the  width  has  already  been  taken  at 
4i  inches,  the  problem  is  to  find  the  necessary  thickness.  Equating 
the  external  load  to  the  internal  resistance  we  have 

7,000  =  A  X  S  Let  ^  =  thickness 

«  S  =  fibre  stress  =  12,000 
7,000  =  4.5  XiJX  12,000 

^  7,000  ^^.    , 

^  =  4.5X12.000^'^^^^"^ 

This,  however,  can  be  but  a  preliminary  figure,  for  the  riveting 
of  the  strap  will  take  out  some  of  the  effective  area,  and  the  thick- 
ness will  have  to  be  increased  to  allow  for  this.     Suppose  on  the 
basis  of  this  figure  we  assume  the  thickness  at  a  slightly  increased 
value,  say  -|\  inch,  and  proceed  to  calculate  the  rivets. 

A  group  of  five  rivets  will  work  in  well  for  this  case,  which 

gives  -~ —  =  1,400  pounds  per  rivet.  A  safe  shearing  fibre  stress 
is  G,000,  hence  the  area  necessary  per  rivet  is  tttjtjTv  =  .23  square 

inch.  Tliis  comes  nearest  to  the  area  -j^j  diameter,  but  for  the 
sake  of  u^in<<•  the  more  general  size  of  rivet  (^  inch)  the  latter  is 
chosen,  for  which  the  area  is  .30. 

"We  must  now  try  these  rivets  in  a  -j-'^tj-inch  plate  for  their  safe 
bearint*"  value.     The  projected  area  of  a  ^-ineh  hole  in  a  -j^^-inch  plate 

is  -^  X^g  =.117  square  inch,  "tt^  =  11,005  (15,000  would  be  safe) 

Takinfout  two  |-inch  rivets  from  the  full  width  of  4 J  inches 
leaves  4.^.  —  (2  X  ^)=  3.25,  and  makes  the  net  area  of  strap  to  take 
stress  :{.2o  X  ^\=A)1  square  inches.  Ke-calculating  the  fibre  stress 
fur  this  area  t^ives 

7,000 --.♦JlxS 

7,000  =  11,475  (which  approximates  the  previous   value 

^  ""  "Jir  of  12,000). 

The  slack  end  of  the  strap  has  to  take  but  2,200  pounds,  hence 
a  different  calculation  might  be  made  for  this  end  giving  smaller 
rivets;  but  as  it  is  impractical  to  change  the  thickness  of  the  strap 
to  meet  this  reduced  load,  it  is  well  to  maintain  the  same  proper- 
tion  of  joint  as  at  the  tight  end.   The  spacing  of  the  rivets  in  both 
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cases  follows  the  ordinary  rule  allowing  at  least  three  times  the 
aiameter  of  the  rivet  as  center  distance,  and  one-half  this  value  to 
the  e^l^rt'  of  the  plate. 

The  threaded  end  of  the  forging  on  the  strap  also  has  to  carry 
tho  loa«l  of  2,2iX)  pounds,  for  which  a  size  smaller  than  1  inch 
"wrouhl  suffiee.  It  is  natural,  however,  for  the  sake  of  general  pro- 
portion to  make  the  bolt  as  strong  as  the  strap,  and  a  1-inch  bolt 
gives  an  area  of  .52  square  inch,  nearly  equalling  the  value  of 
-d  ii€*t  area  of  strap  noted  above. 

Base,  Brake-Strap  Bracket  and  Foot  Lever.     Fig  16.    The 
base  cannot  be  definitely  calculated,  and  can  best  be  proportioned 
by  judgment.      It  must  not  distort,  twist,  or  spring  in  any  way  to 
throw  the  shafts  out  of  line.    The  area  in  contact  with  the  founda- 
tion upon  which  it  rests  must  be  ample  to  carry  the  weight  of  the 
-whole    machine  with  a  low  unit  pressure.     Although  the  form 
shown  is  perfectly  practicable  to  cast  and  machine,  and  is  simple 
acd  rigid,  yeb  it  is  questionable  if  a  bolted-up  construction,  say  of 
fonr  pieces,  might  not  be  equally  rigid  and  yet  involve  greater 
facility  of  production  in  both  the  foundry  and  machine  shop  on 
account  of  the  reduced  sizes  of  parts  to  be  handled.     This  is  a 
question   which  depends  on  the  equipment  and  methods  of  the 
Individual   shop,  and  is  an  illustration  of  the  practical  control  of 
desiixn  bv  manufacturing  conditions. 

The  brake-stnip  bracket  and  foot  lever,  also  shown  in  this 
figure,  are  examples  of  machine  parts  which  are  quite  definitely 
loaded,  and  the  designing  of  which  is  a  simple  matter.  Further 
discussion  of  their  design  is  not  made,,  the  student  being  given 
opportunity  for  some  original  thought  in  determining  the  forces 
and  moments  that  control  their  design. 

Gear  Guard  and  Brake-Relief  Spring.     In  exposed  machin- 
ery of  this  character  it  is  desirable  to  cover  over  the  gears  with  a 
guard    to    prevent  anything  accidentally  dropping   between  the 
teeth  and  perhaps  wrecking  the  whole  machine.     This  guard  is  not 
shown,  as  it  involves  little  of  an  engineering  nature  to  interest 
the  student.     It  could  readily  be  made  of  sheet  metal  or  light 
\)oiler  plate,  bent  to  follow  the  contour  of  the  g^^rs  and  fastened 
to  the  top  flange  of  the  main  bracket. 

If  the  brake  be  not  automatically  supfjorted  at  ita  top  it  will 
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lie  with  considerable  pressure,  due  to  its  own  weight,  on  the  brake 
surface  when  it  is  supposed  to  be  free  from  it,  and  by  the  friction 
thereby  created  will  produce  a  heavy  drag  and  waste  of  power. 
A  spring  connection  fastened  to  an  overhead  beam  is  a  simple  way 
of  accomplishing  the  desired  result.  A  flat  supporting  strap  car- 
ried out  from  the  gear  guard,  having  some  degree  of  spring  in  it, 
is  a  neater  method  of  solving  the  problem.  The  spring  should 
be  just  strong  enough  to  counterbalance  the  weight  of  the  strap 
and  yet  not  resist  to  an  appreciable  degree  the  force  applied  to 
throw  the  brake  on. 

GENERAL  DRAWING. 

The  last  step  in  the  process  of  design  of  a  machine  is  the 
making  of  the  assembled  or  general  drawing.  This  should  be 
built  up  piece  by  piece  from  th*e  detail  drawings,  thereby  serving 
as  a  last  check  on  the  parts  going  together.  This  drawing  may 
be  a  cross  section  or  an  outside  view.  In  any  case  it  is  not  wise 
to  try  to  show  too  much  of  the  inside  construction  by  dotttKl  lines, 
for  if  this  be  attemptwl,  the  drawing  soon  loses  its  cliaracter  of 
clearness,  and  becomes  practically  useless.  A  geiHTul  drawing 
should  clearly  hint  at,  but  not  specify,  detailed  design.  It  is 
just  as  valuable  a  part  of  the  dcsicru  as  tbt^  dt^tail  drawing,  but 
it  cannot  bo  made  to  answer  for  both  with  any  dejxnu^  of  success. 
A  good  general  drawing  has  })leiity  of  views,  and  an  abundance  of 
cross  sections,  but  few  dotted  lines. 

The  general  drawing  of  the  machine  under  consideration  is 
left  for  the  student  to  work  up  from  the  complete  details  shown. 
It  would  look  something  like  the  preliminary  layout  of  Fig.  10,  if 
the  same  were  carefully  carried  out  to  finished  form.  A  plain  out- 
side view  would  probably  be  more  satisfactory  in  this  case  than  a 
cross  section,  as  the  latter  would  show  little  more  of  value  than  the 
former.  The  functions  which  the  general  drawing  may  serve  are 
many  and  varied.  Its  principal  usefulness  is,  perhaps,  in  showing 
to  the  workman  how  the  various  parts  go  together,  enabling  him  to 
sort  out  readily  the  finished  detail  parts  and  assemble  them,  finally 
producing  the  complete  structure.  Otherwise  the  making  of  a 
machine,  even  with  the  parts  all  at  hand,  would  be  like  the  putting 
together  of  the  many  parts  of  an  intricate  puzzle,  and  much  time 


810 


MACHINE  DESIGN  59 

would  be  wasted  in  trying  to  make  the  several  parts  fit,  with  per- 
haps never  complete  success  in  giving  each  its  absolutely  correct 
location. 

The  general  drawing  also  gives  valuable  information  as  to  the 
total  s|)ace  occu[)ied  by  the  completed  machine,  enabling  its  loca- 
tion in  a  crowded  manufacturing  plant  to  be  planned  for,  its  con- 
nection to  the  main  driving  element  arranged,  and  its  convenience 
of  oj)eration  studied. 

In  some  classes  of  work  it  is  a  convenient  practice  to  letter 
each  part  on  the  general  drawing,  and  to  note  the  same  letters  on 
the  sj)ecitication  or  order  sheet,  thus  enabling  the  whole  machine 
to  be  ordc^red  from  the  general  drawings.  This  is  a  very  excel- 
lent service  performed  by  the  general  drawing  in  certain  lines  of 
work,  but  for  such  a  purpose  the  drawing  is  quite  inapplicable 
in  others. 

Merely  as  a  basis  for  judgment  of  design,  the  general  drawing 
fulfils  an  important  function  in  any  class  of  work,  for  it  approaches 
the  nearest  possible  to  the  actual  ap])earance  that  the  machine  will 
have  when  finished.  A  good  general  drawing  is,  for  critical  piir- 
jK)ses,  of  as  much  value  to  tlii^  exjuTt  eye  of  the  mechanical 
en«ri'H*er  as  tht^  elaborate  and  colored  skt^tch  of  the  architect  is  to 
the  house  l)nilder  or  landscajw^  designer. 

From  tlu^  al)()ve  it  is  readily  understood  that  the  general 
drawing,  although  a  mere  putting  togetlier  of  parts  in  illustration, 
is  vet  of  trreat  assistance  in  i)roducintr  finished  and  exact  inachine 
desifjn. 

GENERAL  COMMENTS  ON  PRECEDING  PROBLEM. 

After  followinrf  throuirh  the  detail  of  work  as  ixiven  in  the 
preceding  [)ages,  it  is  worth  while  to  stop  for  a  moment  and 
take  a  brief  survey  or  review  of  the  subject  as  illustrated  therein. 

If  the  text  be  carefully  studied  it  will  be  seen  that  in  every 
part  to  be  designed  the  same  routine  method  has  been  followed, 
regardless  of  the  final  outcome.  In  some  cases  it  may  seem  a 
roundabout  procedure  to  follow  a  train  of  thought  that  finally 
ends  in  a  design  apparently  based  on  purely  practical  judgment, 
the  theory  having  had  but  very  little  if  any  influence.  The  ques- 
tion at  once  arises — Why  not  use  the  empirical  rule  or  formula  in 
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the  first  place  ?  Why  not  make  a  good  guess  at  once  ?  Why  not 
save  all  the  time  and  energy  devoted  to  a  careful  analysis  and 
theory,  if  we  are  finally  to  throw  them  away  and  not  base  our 
design  on  them  ? 

The  principle  to  be  noted  in  this  connection  is,  that  it  is  just 
as  fatal  to  good  design  to  rely  upon  bare  experience  and  upon 
judgment  alone,  as  it  is  to  construct  solely  according  to  what  pure 
theory  tells  us.  There  are  many  things  in  the  operation  of 
machinery  that  are  totally  inexplicable  from  the  ])urely  practical 
point  of  view,  and  will  forever  remain  so  until  we  analyze  them 
and  theorize  on  them.  Many  good  things  in  machinery  have 
been  the  result  of  what  might  be  called  "reversed"  machine 
design.  When  a  new  machine  is  started,  it  frequently,  or  we 
might  almost  say  always,  fails  to  do  its  work  just  as  it  is  ex|)ected 
to  do  it.  This  is  because  some  little  point  of  design  is  bad,  owing 
to  the  inability  of  drawings,  however  good  they  may  be,  to  show 
all  that  the  machine  itself  in  bodily  form  and  in  motion  shows. 

Now,  if  our  analysis  and  theory  have  been  good  in  the 
designing  process,  it  is  almost  sure  that  we  can  very  readily 
analyze  and  theorize  on  the  trouble  that  exists  when  the  machine 
is  finished,  can  detect  the  weakness,  and  can  correct  it  with  com- 
paratively small  change  in  the  general  design.  This  is  '••  reversed" 
machine  desit^n. 

If,  on  the  contrary,  we  have  based  our  design  purely  on  guess- 
work, allowing  our  fancy  full  and  free  play  to  work  out  the  details 
without  further  basis,  we  may  consider  ourselves  lucky  if  the 
machine  runs  at  all.  This,  however,  is  not  the  worst  of  the 
situation.  If  the  machine  does  actually  ojHTate,  even  as  well  as 
it  might  reasonably  be  expected  to,  but  still  has  the  usual  diffi- 
culty of  some  little  kink  or  hitch  that  was  not  ex{)ected,  then,  as  a 
result  of  the  method  upon  which  the  whole  thing  has  been  con- 
structed, we  have  no  definite  plan  of  action  to  proceed  upon.  We 
must  try  first  this,  then  that  scheme  to  obviate  the  trouble.  We 
may  be  fortunate  enough  to  *"  strike  it "  the  first  time  ;  we  may 
never  strike  it.  It  is  doubtful  if  the  machine  ever  can  be  made  to 
work  at  highest  efficiency  ;  and  if  fairly  good  results  be  finally 
obtained  we  never  know  the  reason  why,  and  have  nothing  on 
which  to  base  any  future  action  or  design. 
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This  haphazard  process  is  not  machine  design  at  all,  either 
in  name  or  in  result. 

As  has  previously  been  stated  in  these  pages,  there  is  no 
snch  thing  as  too  much  analysis  or  theory  in  the  designing  of 
machinery.  Even  if  we  carefully  analyze,  theorize  with  rigorous 
exactness,  and  then  practically  modify  our  construction  to  such  a 
point  that  the  original  theoretical  shape  is  almost  or  entirely  lost, 
the  apparently  roundabout  process  is  not  in  vain,  for  we  are  in  per- 
fect control  of  our  design.  We  know  exactly  what  it  has  to  take  in 
the  wav  of  forces,  blows  and  vibrations.  We  know  what  its  ideal 
shape  should  be.  We  know  where  we  can  practically  modify  its 
form  without  weakening  it  excessively  or  adding  excess  of  material. 
In  other  words  we  know  all  about  it,  and  therefore  know  exactly 
what  we  can  do  with  it ;  and  whether  it  follows  in  its  shape  the 
outline  that  pure  theory  gives  it  or  some  other  outline,  it  is  never- 
theless well  designed. 

"Keversed"  machine  design,  as  described  above,  based  on 
observation  and  experiment  with  regard  to  machines  already  in 
operation,  is  just  as  impossible  without  exact  analysis  and  theory 
as  is  original  design  based  merely  on  mechanical  ideas  in  the 
abstmct.  The  method  once  learned  and  made  a  habit  of  mind 
will  produce  results  with  equal  facility  in  either  case,  and  results 
are  what  the  mechanical  world  is  seeking. 

Another  point  worth  noting  in  the  progress  of  the  problem 
as  given  is  the  absolute  necessity  of  possessing  some  knowlege  of 
Mechanics.  The  more  of  this  subject  the  designer  can  have  at 
his  finger  ends,  the  more  ready  and  successful  will  he  be  in  all 
problems  of  Machine  Design.  However,  the  principles  of  forces 
and  moments  clearly  understood,  and  the  application  of  the  same 
in  the  all-important  subject,  "Strength  of  Beams,"  constitute  a 
fund  of  information  that  will  give  a  splendid  start  and  a  good 
working  basis  for  simple  designs.  It  should  always  be  remem- 
bered that  a  complicated  design  is  little  more  than  a  combination 
of  simple  designs,  and  if  one  has  the  ability  to  dissect  and  analyze 
what  seems  at  first  like  a  bewildering  maze  of  parts,  complication 
is  speedily  changed  to  simplicity. 

Common  sense  goes  a  long  way  in  good  designing.  There  is 
nothing  mysterious  about  the  process      If  the  beginner  will  only 
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labor  and  attention  on  the  part  of  the  operator.  This  is  especially 
true  of  automatic  machinery,  which  perliaj)8  might  be  classed  by 
itself  in  this  respect,  but  which  is  nevertheless  included  under  the 
broad  term  of  a  machine  for  producing  finished  surfaces,  being 
merely  the  highest  and  most  refined  form  of  same.  For  machines 
of  this  class  the  designer  has  to  study  every  detail  with  the  most 
minute  attention,  packing  away  the  operating  jmrts  into  the 
smallest  space  and  yet  providing  ready  means  for  access,  removal, 
and  repair.  Clearances  that  would  be  too  little  for  other  kinds  of 
machinery  are  permitted  and  provided  for;  material  of  high  grade, 
strength,  and  wearing  quality,  though  expensive  in  first  cost,  and 
requiring  the  most  expert  skill  to  finish  and  to  fit  into  place,  must 
be  used  in  order  to  keep  the  machine  compact  and  yet  of  large 
capacity,  to  make  it  reasonably  light  in  weight  and  yet  amply 
strong. 

Another  jx)int  which  has  a  great  influence  on  the  design  of  a 
machine  tool  is  that  we  can  never  tell  in  advance  jnst  what  it  will 
have  to  stand  in  work,  for  the  variation  in  the  material  that  it  fin- 
ishes, the  uncertain  skill  of  the  o[)erator  who  runs  it,  the  crowding 
to  its  limit  of  capacity  and  even  beyond  in  times  of  press  of  business, 
and  the  many  other  stresses  that  may  suddenly  and  without  warn- 
ing be  thrown  upon  it,  must  all  be  thought  of  and  provided  for. 

The  j)oints  above  mentioned  are  but  a  few  of  tliose  which  the 
designer  of  machine  tools  has  to  meet,  and  are  ])resent(Hl  merely 
as  illustrations  to  show  the  sj)t*cial  skill  re(juired  in  this  class  of 
machinery.  It  is  readily  seen  that  while  the  machine  tool 
designer  has  great  latitude  in  choice  of  material  and  in  ex[)endi- 
ture  of  money  for  refinement  of  structure — ])erhaj)S  greater  lati- 
tude than  in  any  other  class,  yet  he  is  held  down  as  in  no  other 
to  the  final  productive  results,  a  small  percentage  of  failure  entirely 
throwing  out  the  machine  as  a  marketable  ])r(Kluct. 

Tlie  style  and  external  ap|K^arance  of  machine  tools  have  a 
character  of  their  own  resulting  from  this  extreme  detailed  care  in 
design.  Corners  and  fillets  are  carefully  rounded;  surfaces  and 
intersections  are  definitely  made;  in  short,  the  mechanical  beauty 
of  a  machine  tool  is  seen  only  from  a  near  view  and  close  ins])ec- 
tion,  and  it  is  to  this  end  that  the  design  is  constantly  directed 
Appearance  is  a  large  factor  in  the  sale  of  a  fine  tool,  and  the 
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prestige  of  the  American  trade  abroad  in  this  respect  is  very 
noticeable. 

Motive-Power  flachinery.  Examples: — Steam  engine,  gas 
engine,  air  compressor,  steam  pump,  hydraulic  machinery,  etc.,  etc. 

The  element  of  heat  enters  into  the  design  of  all  machinery 
in  this  class.  The  natural  agents,  air,  gas,  and  water,  in  their 
various  forms,  are  taken  into  the  machine  in  the  most  efficient 
form  in  which  it  is  possible  to  obtain  them,  are  robbed  of  their 
energy  to  provide  power,  and  are  discharged  in  a  form  as  weak 
and  inert  as  the  efficiency  of  the  machine  will  determine. 

In  contrast  to  the  class  of  machinery  just  studied,  it  should 
be  noted  that  these  machines  do  not  produce  any  material  thing; 
that  is,  they  do 'not  ])roduce  finished  surfaces  on  metals,  make 
screws  or  bolts,  bore  holes  in  castings,  or  turn  line  shafting. 
They  merely  take  the  energy  of  the  natural  agent,  which  is  not  in 
a  form  available  for  use,  and  transform  it  into  motive  power  for 
general  use. 

Hence  the  element  of  accuracy  as  entering  into  the  design  of 
these  machines  is  necessary  only  for  their  own  efficient  operation, 
and  not  for  the  quality  of  the  thing  which  they  produce,  as  in  the 
case  of  machine  tools.  For  example,  the  j)ower  furnished  by  one 
steam  engine  to  drive  a  line  shaft  is  as  good  as  that  of  another  as 
far  as  the  rotating  of  the  shaft  is  concerned,  provided,  of  course, 
that  both  are  equipped  with  the  same  (juality  of  governing  mechan- 
ism. The  fact  that  one  of  the  engines  has  a  good  adjusting  device 
on  the  main  bearing  while  the  other  has  not  is  of  no  conse(juence 
from  the  standpoint  of  the  line  shaft,  but  it  is,  of  course,  of  con- 
sequence re8j)ecting  the  efficient  operation  of  the  engines. 

The  design  of  steam  engines  and  Similar  machines  is  of  a 
rough  nature  compared  with  that  of  machine  tools,  as  far  as  the 
detail  of  surface  is  concerned.  General  accuracy  is  nevertheless 
essential  for  the  machine's  own  sake,  but  while  in  the  machine 
tool  we  deal  with  thousandths  of  an  inch,  in  the  steam  engine 
hundredths  of  an  inch  indicates  tine  work. 

These  machines  are  subject  to  extremes  of  temperature  that 
have  to  be  provided  for  in  the  design  and  arrangement  of  the  parts. 
Being  prime  movers,  controlling  the  operation  of  many  machines, 
they  must  be  certain  to  run  during  their  period  of  work;  hence 


217 


66  MACHINE  DESIGX 

def icn  and  adjustment  must  l>e  positiTe,  and  when  the  latter  can- 
not  lie  made  M-bilf  running,  it  must  be  quickly  and  definitely  aocom- 
pli-rhtrd  when  a  ?top  i?  made.    Simplicitv  of  construction  is  essential. 
faeiiitatintT  cbeaji  and  quick  repairs.     The  desijrn  should  l>e  such 
that  «-o!istant  attention  while  ninninpr  is  avoided,  the  usual  attcn- 
ti«i!i  of  the  enirineer  being  a  safeguard  rather  than  an  implied  fac 
t^r  of   thf  uriirinal  design.       General   rigidity  and  stiffness  are 
inifKiinant,  also  gLxnl  l»alancing  of  the  moving  parts,  and  weight  for 
absorption  of  vibration:  otherwise  under  the  constant  daily  ran  the 
machines  will  tear  to  pieces  not  only  themselves  but  their  fouada- 
tions. 

As  far  as  external  apj>earance  goes  in  this  and  subsequent 
classes  to  lie  mentioned  we  are  on  a  very  difiFerent  basis  from  that 
of  machine  tLH»ls.    (/*  tn  nrl  mechanical  symmetry  of  form  is  aimed 
at  in  the  design,  and  the  several  smaller  parts  depend  for  their  ont- 
line  1  aside  from  considerations  of  strength,  which  are,  of  course, 
alw;iv<  ill  order  I  uiiim  the  harmonious  rtdation  which  they  l)earto 
the    iiiain    and    fundamental   elements   of   the   machine.      Such 
niacliimry  as  air  compressors,  steam  engines,  pumps,  and. the  like 
are  vii\ve«l  as  a  whole,  and  criticised,  not  detail  by  detail,  as  \>  the 
machine  t<<)l,  but  as  to  ixeneral  effect  of  outline  observeil  from 
>nni»'  «i:.-t:iiuv.     To  convey  the  desireil  effect  to  the  eye  the  design 
n:U-t  1m-  Im.M  and  mas<ive.  connections  simple  and  dirwt,  and  the 
s:i.:i1m  1*  ].:irt>  iiiu-t  not  be  so  dwarfed  in  >ize  as  to  apj)ear  likedrli* 
cate  <':i::t!iit'iiis  instead  of  inteirml  parts  of  the  machine.    The  11  n^^ 
(»f  e. .:,:.t  rir/i  parts  niii^t  be  continuou.-  from  one  part  to  the  otlior^ 
a!;«l  vinn  i:iterrni.ieii   by  llan^es.  bosses,  or  lutis,  the  latter,  whicb 
areiiit-nlv  inei<leiital  to  tlie  former  \\\\\>t  not  be  allowed  to  obscurC 
wlinliv  ijir  main  lines  of  the  fundamental  pieces. 

It  is  attention  to  such  ]>ointsas  these  that  marks  the  dilTen»nce 
Ivtwrt'n  W(H-«lr>io;]U'd  motive-]H)Wer  machinery  and  that  of  the 
o]i|i(»-ite  <liaraett'r.  Www  tlionifli  the  little  details  of  lillets  and 
(M>r!!rr*^  and  sinfaco  n»av  have  their  etfect  from  a  close  ])(»int  of 
virw.  tlie  <le>iij:n  \\\\\  ^tand  or  fall  in  excellence  on  its  bolder 
featui'r-.  as  not«'<l  ab<»\t*. 

Structural  Machiner>'.  Kxamples: — Hoists,  cranes. eli*va tors, 
transfer  ta]»les.  locomotives,  ears,  t'onveyors,  cable-ways,  etc.,  etc. 

In  the  two  preceding  classes  that  have  been  noted,  cast  iron 
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ilk'  ftinn  t»f  fiMiii«lry  castiiii:?  fiittrs  ha  tin*  |>rinci|):il  uinU'rinl. 
rl  is  utiliz«*«l  f«>r  .-hif>.  .-nuls.  pins,  ami  ki-ys.  Also  HjM'^'ial 
ri'iiii'%  iiiallraM*-  ::  :.  ar.-i  .-:»-t:l  c-astiij<j»  fiitiT  as  fartor.-f  iu  the 
(uliictioii  of  i}j»-  :..^  ':.::.-rv  •i;H.'U7«>i-<l.  Eouiidrv  castirii/*.  how- 
rr,  euinjHise  :Lv  t:""- -"  •■:;." -.'f  tiir  rnak'rial  u.-e*!,  and  tho  ^rhi'rf 
^iMiMiift  inviilr-I  ir-  :1  —  -•:  thr  fXf»rrt  moulding  of  raf-t  iron, 
•I  ihr  li;ii.«i !;:._- i-  .  ~"  -:.  :  j  of  !::•:•  sarij*-.  p'or  ih*T  oj^.-ratii-g 
irts.  ^t^^•l  i-f  7:-  j^- 1-  1-  '.-^i  ::.  Li^jhiy  rini^L«.''l  form.  *:.xf*»-:.r- 
'  lKf;iii-t-  •■:."-  r    ■  1  — -.   a:.  .  T-:  a  :;t-*'ir-?ritv  to  ilj»r  •:.x>-M  it  ii 
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in  the  form  of  foundry  castings  enters  as  the  principal  material. 
Steel  is  utilized  for  shafts,  studs,  pins,  and  keys.  Also  special 
forgiugs,  malleable  iron  and  steel  castings  enter  as  factors  in  the 
production  of  the  machinery  discussed.  Foundry  castings,  how- 
ever, compose  the  great  body  of  the  material  used,  and  the  chief 
problems  involved  are  those  of  the  expert  moulding  of  cast  iron, 
and  the  handling  and  finishing  of  the  same.  For  the  operating 
parts,  steel  of  fine  grade  is  used  in  highly  finished  form,  expens- 
ive l)ecause  of  its  fineness,  and  yet  a  necessity  to  the  extent  it  is 
used.  Brass  and  bronze  are  used  in  the  same  way,  generally  in 
connection  with  the  bearings  for  the  shafts. 

Structural  machinery,  on  the  contrary,  uses  steel  as  the  basis 
of  its  construction.  The  fundamental  structure  is  built  up  of 
plates,  channels,  beams,  and  angles;  castings,  though  numeroiis, 
are  relatively  small,  being  riveted  or  bolted  to  the  main  structure 
and  controlled  in  their  design  by  its  requirements. 

Steel  is  used  in  this  manner  partly  because  the  exclusive  use 
of  castings  is  prohibited  on  account  of  the  excessive  weight,  and 
therefore  expense,  and  partly  because  castings  could  not  be  made 
which  would  possess  the  necessary  toughness  and  strength.  In 
many  cases  the  size  of  the  machinery  is  such  that  castings,  even 
if  they  could  be  made,  would  not  support  their  own  weight. 
Moreover,  machinery  of  this  class  is  subjected  to  rough  service, 
and  yet  must  be  practically  infallible  under  all  conditions,  neither 
being  uncertain  in  operation  at  critical  moments  nor  entirely  fail- 
ing under  an  extraordinary  load. 

The  design  of  structural  machinery  is  tied  up  to  con- 
ditions existing  largely  outside  of  the  locality  in  which  the  ma- 
chinery is  built.  The  steel  plates  and  structural  8haj)es  required, 
bt»ing  products  of  the  rolling  mill,  have  to  conform  to  the  hitter's 
standards.  The  rivets,  bolts  and  other  fasten in^s  have  to  be  in 
accordance  with  the  established  practice  of  the  structural  iron 
woiker,  in  order  to  j)ermit  punching,  shearing  and  bending  ma- 
chinery of  regular  form  to  be  utilized.  Shipment  on  standard 
railway  cafe  has  to  bo  considered,  the  design  often  recjuiring  to  be 
modified  to  permit  this  and  nevertheless  insure  ])Ositive  and 
accurate  assembling  in  the  field. 

Steel  castings,  both  large  and  small,  find  ready  application  in 
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this  class  of  work;  also  steel  forgings,  requiring  to  bo  worked 
under  a  heavy  hammer  and  in  many  cases  by  specially  devised 
processes. 

In  structural  design  less  of  the  actual  process  of  uianufacture 
is  under  the  eye  of  the  designer  than  in  the  former  class?a  of 
machinery  which  have  been  considered,  and  hence  more  allowance 
has  to  be  made  for  things  not  coming  eij^actly  right  to  the  fraction 
of  an  inch.       It  would  be  bad  design  to  plan  any  structural  piece 
of  work  w  ith  the  same  closeness  of  detail  permitted,  and   in  fact 
required,  in  the  case  of  machine  tools,  or  even  in  the  case  of  motive- 
power  machinery.     In  ])lanning  structural  work  the  idea  must  be 
carried  out,  of  certainty  of  operation  in  spite  of  roughness  of  detail 
and  variations  of  construction.      This  dot»s  not  necessarily  imply 
inaccuracy,  or  shiftless,  loosely  constructed  machinery;  on  the  con- 
trary, quite  the  reverse.       The  locomotive,  for  example,  is  one  of 
the  most  refined  pieces  of  mechanism  that  exists  today;  and  yet 
the  methods  applied  to  the  construction  of  machine  tools  would 
prove  a  failure  on  the  locomotive.     The  design  of  a  car  axle  box 
has  to  l)e  just  right  else  it  will  heat  and  destroy  itself;  the  same  is 
true  of  tlie  spindle  of  a  line  engine  lathe;  and  yet  how  rough  the 
former  is  com])ared  with  the  latter,  and  how  unsuited  either  would 
be  for  use  on  the  service  of  the  other. 

As  a  (j(Mienil  rule  structural  machinerv  can  be  more  closely 
proportioned  to  tlu'oivtieally  calculated  size  than  can  the  preceding 
tvjH's.  The  rolK'd  material  of  wliieh  it  is  made  is  of  a  uniform 
and  honiom'ncous  nature  owintr  to  its  process  of  manufacture. 
lu'nee  its  I'VtTv  iihi'e  may  he  counted  on  to  sustain  its  share  of  the 

t.  ■ 

total  load  iinposrd  n])()n  it.  This  is  in  sliarp  contrast  to  the  case 
of  t-aht  ii'on,  which  is  of  surh  a  jjorous  and  irregular  structure  that 
we  hav(^  to  use  a  laro-e  factor  of  safety  to  cover  this  inherent 
defect. 

Steel  eastiniis  of  l)otli  small  and  large  size  (which  are  quite 
a])t  to  l)e  utilize<l  in  tlii>  class  of  machinery  for  ])arts  that  can  with 
ditru'nlt\'  he  made  out  of  rolled  material),  if  proj)erly  designed  of 
uniform  thickness,  with  all  eoriu'rs  well  filleted  and  with  the 
eliaiinels  for  tlie  How  of  the  molten  metal  direct  and  ample,  are 
nearly  as  reliaMe  as  rolled  steel.  In  ])arts  subject  to  excessive 
vibration,  shocks,  and    sudden   wrenchings,  as,  for  example,  the 
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side  frames  or  the  connecting  rod  of  a  locomotive,  the  forged  and 
faauiniered  material  is  practically  a  necessity.  This  is  esj)eciallT 
tLe  case  when  the  possible  breakage  of  the  part  would  cause 
eerious  consecjuences  involving  heavy  loss  of  life  and  pro|)erty. 

From  the  several  points  of  view  as  above  considered,  it  can 
be  readily  appreciated  that,  while  structural  work  is  in  one  sense 
roucrh  and  unpolished,  yet  it  requires,  from  an  engineering  stand- 
point, quite  as  much  breadth  of  experience  and  judgment  as  any 
of  the  other  ty|)es.     ITie  line-tool  designer,  least  of  all,  pc^rhaps, 
recjuires  lKX)k  theorj',  but  does  require  an  extended  machine-shop 
experience.     The  designer  of  motive-power  machinery  neeils  jnire 
physical  theory  and  shop  experience  of  a  large  and  broad  scoj)e. 
Tlie  structural  designer  is  least  of  all  concerned  with  refined  and 
minute  finishing  processes,  but  utilizes  his  theory  absolutely,  even 
though  roughly. 

Mill  and  Plant  Machinery.  Examples: — liolling  mills, 
mining  machinery,  crushers,  stamps,  rock  drills,  coal  cutters,  the 
machinery  of  blast  furnaces  and  steel  mills,  tube  mills,  etc.,  etc. 

This  machinery  constitutes  a  class  which  in  the  roughness 
of  its  operation  exceeds  all  others.  Moreover,  it  is  machinery 
which  for  the  most  jmrt  is  in  continuous  oj)eration — 24  hours  j)er 
day  and  365  days  in  the  year.  Hence  refinement,  even  such  as 
might  be  j)ermitted  in  the  preceding  class  of  Structural  Machinery, 
would  l)e  fatal  here.  The  conditions  that  surround  plant  machinery 
are  unfavorable  in  the  extreme  to  the  life  of  any  material  or  metal, 
and  it  is  not  i)ossible  to  chantje  these  conditions  or  trive  more 
than  j)artial  protection  to  the  operating  j)arts.  IltMice  the  <U*sign 
of  such  machinery  must  proceed  primarily  on  the  assumption 
that  abuse  and  neglect,  grinding  away  of  surfaces,  chemical  eating 
away  of  metal,  flooding  of  j)arts  with  water  gritty  and  corrosive, 
subjection  to  sudden  bursts  of  flame  and  intense  heat,  etc.,  will 
in  a  relatively  short  time  totally  destroy,  perhaps,  the  entire 
structure. 

In  view  of  the  continuous  nature  of  the  working  process, 
which  must  Ik>  kept  up  in  s]>ite  of  these  almost  insurmountable 
conditions,  the  problem  in  each  case  becomes  one  of  exj)ediency; 
and  the  designs  and  arrangement  of  machinery  must  be  so  worked 
out  that  operation,  repair,  construction,  and  installation  can  all  go 
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on  simultaneously  without  stopping  the  continuous  pi'ofess*  and 
with  but  a  small  degree  of  inconvenience  to  the  operation  of  the 
plant. 

This  problem,  difficult  though  it  may  seem,  can  be  worked 
out  successfully,  as  is  evidenced  by  the  great  number  of  plants  of 
the  continuous  character  ojierating  at  high  efficiency  throughout 
the  world.  The  engineering  and  designing  skill  required  to  ac- 
complish this,  is  perhaps  of  the  highest  degree  met  with  in  mod- 
ern practice,  for  in  it  is  involved  a  working  knowleilge  of  the 
possibilities,  if  not  the  detailed  designs  of  machinery  included  in 
all  classes.  And  yet,  as  in  the  most  elementary  case  of  simj)le 
design  that  can  be  conceived,  the  result  is  accomplished  in  the 
same  way,  namely,  by  studying  the  conditions  (analysis),  devel- 
oping an  ideal  application  to  those  conditions  (theory),  and  then 
reducing  the  ideal  design  to  a  practical  basis  (modification). 

A  Few  Pointed  Suggestions  on  Original  Design.  Original 
design  di*als  with  the  development  of  original  mechanical  ideas. 
The  prime  recpiisite  for  the  development  of  an  idea  is  to  under- 
stand thorou<xhlv  the  idea  in  the  rouj/h.  See  distinctly  the  mark 
aimed  at,  and  never  lose  sitrht  of  it.  If  a  method  of  reachincf  it 
is  already  outlined,  understand  that  also  thoroughly  and  the  prin- 
ciples involved.  It  is  impossible  to  go  ahead  blindly  and  hoj)e  to 
coiiie  out  rijilit.  Xo  ixood  machine  was  ever  built  that  doi»s  not 
stand  for  hours  of  coneeutrated  thought  on  the  part  of  its  desiirner. 
(rood  uiaeliiues  never  /iajij)>  ,,^  ^l^^'V  ahvavs  ifrotr, 

fjust  as  s(K)n  as  the  object  to  be aecomj)lished  is  clearlv  under- 
stood, l)e<j:in  to  ])roduee  some  visible  work  on  the  problem.  Sketch 
soinelhinix.  ^  u*t  some  ideas  on  ])a|)er.  Ideas  on  ])aper  sugtrest 
other  ideas.  If  the  ])rol)lem,  for  examj)le,  is  one  of  lathe 
(lesion,  sketeh  a  reetanoje,  and  call  it  the  headstoek;  another  r<.*c- 
tanolc,  and  call  it  the  footstoek;  a  couple  of  scratches  for  the 
centers:  some  stej)s  for  tlie  cone  pullev;  three  or  four  line^  for  the 
bed;  and  as  manvmoi'efor  the  >np|)orts.  There  is  now  something 
on  paper  to  look  at;  the  (le>ion  is  l)«'<j;nn. 

it  is  much  bctler  to  stare  at  this  sketch,  than  into  blank 
sTiace  ti'vin-'to  innmine  the  linished  doion.  No  matter  how  rou*di 
the  sketeh  mav  be,  a  short  study  of  it  will  develoi)  some  limitin*'" 
conditions   that   before  were  not  ajjparent.      (iuess  at  a  few  rough 
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ihmensions;  put  them  on  tlie  sketch;  develop  another  view — a  plan 
or  a  ?i*le  elevation — all  still  in  the  roughest  style,  without  any 
rt-«raril  to  finished  detail.  Information  will  be  growing  all  the 
\\lnle,  and  the  ])roblem  will  be  oj)ening  up.  At  this  stage  it  is 
|in»hable  that  the  sketch  can  easily  be  seen  to  be  wrong  in  many 
resj>eots.     Perhaps  the  arrangement  will  not  do  at  all. 

This  is  a  go(xl  sign.     It  shows  that  the  design  is  progressing. 

It    is   a  valuable  thing  to  know  that  certain  plans  cannot  be  fol- 

l<jwt«l.      Do  not  rub  out  ]>art  of  the  sketch  already  made  and  try 

to  remi'<ly  it.     Begin  again.     Make  another  sketch.     Sketch  paper 

is  chea[).     By  and  by  it  may  prove  to  be  very  desirable  tj  have 

that  lirst  rough  outline  available  for  comparison ;  or  it  may  be  that 

?oiiie  of  its  ideas  can  be  applied  on  other  sketches.     The  second 

sketch  may  ''show  up"  little  or  no  better  than  the  first.     Make 

another,  and  another,  and  another,  until  the  subject  is  thoroughly 

digesteil.     It  is  wonderful  how  helpful  it  is  to  have  some  marks 

on  |»afK.*r  relative  to  a  design,  even  though  they  be  of  the  utmost 

crudent*ss.     They  save  imaginative  power  tremendously;  and,  even 

with  them,  all  available    |X)wers  of  imagination  will    be    needed 

l>efore  the  design  is  perfected. 

A  careful  comparison  of  one's  sketches,  rejecting  here,  and 
approving  there,  will,  little  by  little,  bring  about  a  definite  opinion, 
and  the  scale  drawincr  can  be  becrun. 

As  in  the  case  of  the  first  sketch,  so  in  the  case  of  the  first 
scale  drawing,  get  some  lines  on  paper  as  quickly  as  ])().ssil)le. 
Draw  somethinc^,  even  if  it  is  notliin<x  more  than  a  straiti^ht  liori- 
zontal  line.  Do  not  stare  at  blank  paper  for  an  hour  trying  to 
imacrine  liow  the  tenth  or  eleventh  line  is- mji no- to  be  drawn  in 
relation  to  the  first  line.  Do  not  worry  about  the  later  lines 
until  it  is  time  for  them  Draw  the  first  line  at  once;  and,  when 
the  sec'ond  line  is  drawn,  if  the  first  line  jiroves  to  be  wrong, 
make  it  ri^ht.  As  in  the  routrh  sketch,  that  first  horizontal  line 
is  an  immense  relief  from  the  great  waste  of  blank  paper  of  a 
fresh  slK*et.  It  is  somethinjj  to  look  at.  It  is  the  be<i;innin<r  of  a 
detaik^l  design.  If  it  hap[K.Mis  not  to  be  the  absolutely  corn^ct 
foundation  to  build  U|)on,  it  at  least  is  something  to  tear  down. 
The  main  pur[K)se  of  these  preliminary  drawings  is  to  keep  the 
uimd  active  on  the  problem*,  and  advance  toward  the  final  accom* 
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plishment  of  the  design  is  often  made  quite  as  rapidly  by  discover 
ing  what  to  tear  down  as  by  consistently  building  up. 

AVhen  a  detail  draftsman  who  has  l>een  ustnl  to  having  all  his 
work  laid  out  for  him  by  an  expert  designer  attempts  to  take  up 
oriixinal  work  for  himself,  he  encounters  the  drawing  of  that  first 
line  in  a  way  he  never  did  l)efore.  He  is  apt  to  worry  for  some 
time  over  the  ])Ossible  or  impossible  results  of  drawing  that  first 
line.  If  he  continue  this,  he  will  l>e  sure  to  fail.  The  second  line 
is  much  easier  to  draw  than  the  first,  and  the  third  than  the  second; 
and  the  next  hundred  will  follow  on  in  com|Karativi^ly  smooth 
8e(|uence,  all  because  of  bold  action  on  the  first  few  lines. 

And  yet.  just  as  the  design  aj)[H*ars  to  l)e  progressing  smoothly, 
and  the  advanced  i^rot^ress  of  thv^  drawin<x  seems  cause  forconirratu- 
lation,  careful  consideration  mav  disch)se  a  "snajx"  not  previously 
known  to  exist  in  the  ]>n)bk»m.  Further  study  pursueil  along 
til':.'  line  of  tliis  new  discovi^ry  mav  show  that  the  whole  layout 
thus  far  has  bv'cn  radically  wrong,  and  that  a  fresh  start  will  havo 
to  be  madt*.  At  such  a  tinu*  the  young  designer  is  apt  to  feel 
that  his  labor  has  all  betMi  thrown  away,  and  he  Ix^comes  discour- 
acn'd.  There  is,  IrjWfViM*.  no  cause  for  discern rairement.  Mai'hine 
l)csi<rii  inio-ht  nliiiost  be  defined  to  be  the  ^'successful  eliminatio!: 
of  sna(»"s/"'  It  takes  some  ability  to  discovtT  an  obstacle  of  this 
sort;   to   know  a    '\<!i}ig*'  when    an    o]>])ortnuitv   to  Sv'e  it  is  iriven. 

It   takrs   !i  u;()(m1  (l('sii;n«*r  to  eliminate  such  a  difficulty  after  it  has 

« 

been  found.      If  tlien'^   Wfre   ua  "sna<»"s"  it  would  not  riMiuin*  »»"reat 

•^  I  r^ 

ability  to  <lrsi<jn  niaehines.  Many  mavhines  fail  because  in  them 
tliei'e  ai'e  a  loi  of  unuiseovereii  "sna<'"s/''  Others  fail  because  the 
'>nags/*  ;iithoUL:h  <liseo\  e!v<K  wtMV  uoi  eliminated  by  careful  desuni. 
])o  not  b<*  afiai<l  to  makt*  a  lot  of  "first"'  drawinifs.  It  is 
just  as  important  to  ditfest  the  desijxn  thorouj^hly  l>y  means  of 
scale  (Irawinos,  as  it  was  to  (hVest  it  orifinally  by  means  of 
tlie  roufh  sketches.      An  attrnint  to  make  tlu»  first  drawini»"  of  an 

I  r^ 

orio-inal  desion  al»olute]y  rioht  would,  it  is  safe  to  say,  nnnluce  a 
|)oor  design,  one  that  could  be  much  im]»roved  by  furth(*r  trial. 
Ia'\  the  di'awini^s  inultiply,  oirc  after  another,  until  the  final  oiu» 
i>  icachcMl,  in  \\hi<'h  the  jicrfi-ct ion  of  detail  will  eliminate  all  the 
ba<l  jjoints  of  the  j>rece(ling  drafts  and  incorporate  gcHxl  ones  of  its 
own  based  on  the  study  of  the  others. 
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W  And  ret  it  is  often  true  that  the  first  design  laid  out,  even 

r         after  many  others  have  been  developed,  raay  be  found  to  possess 
K  feataivs  tliat  render  a  return  to  it  desirable.     This  is  why  it  is 

;  always  l)etter  to  ])roduco  a  collection  of  designs  than  to  attempt 

i  to  rub  unt  and  work  over  the  first  one.     The  best  designers  usually 

have  a  preat  number  of  sketches  showing  how  to  accomplish  a 
sin^'le  result.  Likewise,  thev  also  have  a  series  of  layouts  to  scale, 
sto\rii]g  in  detaiknl  form  the  development  of  their  various  ideas. 
This  is  Un-ause,  without  a  careful  consideration  of  many  methods, 
they  themselves  feel  incomj^etent  to  judge  of  the  best  design  pos- 
sible for  aecomjilishing  a  given  result. 

Sketches   and  original  designs  should  always  be  dated  and 

sjVijt'il.     Different  designers  may  be  working  on  the  same  prob- 

ifjii.  and   priority  of   design  will  nevt»r  be  allowed  except  upon 

^iiSiwil  and  witnessed   ])apers.     It  is  embarrassing  to  find,  after 

months  and  perha[)s  years  have  passed  since  an  original  drawing 

was  madt»,  that  one's  rights  have  been  pn^empted  merely  because 

tht-re  was  no  date  or  signature  to  define  thi'm. 

In  re<lesi<rninrr  or  modifvintran  existincj  machine,  never  make 
a  chantre  merelv  for  the  sake  of  doincj  so.  Give  the  trood  iioiiitsof 
thf  machine  z  chance,  and  devote  attentio::  :::  *he  new  desij^n  to 
cornH;ting  the  bad  points.  It  is  in  bad  taste,  if  it  be  not  actually 
childish,  to  **look  wise  and  suiXiXest  a  chancre*'  in  details  which 
h:if»jK_'n  to  haw  been  designed  by  another  ]):irty,  but  which,  never- 
thrli^ss,  arc  liv  common  en<rineerinjx  iudixmtMit  pronounced  (rood 
for  tht*  special  work  intended.  This  eleniciit  of  unfair  and  st^liisli 
criticism  has  more  than  a  moral  bearing.  When  it  is  carried  into 
the  ^UJ»erintendence  of  designing  work,  it  extinguishes  tlie  ])erson- 
alitv  of  the  subordinate  draftsman;  his  efficieiiev  as  an  oriiiinal 
thinker  is  lowered;  and  narrov*'  dt\signs  are  ])ro(luced. 

"The   best    wav     for     a     subordinate     to     dispose     of     what 
appears  to  be  a  poor  suggestion  from  a  superior,  is   to  work  it  out 
to    the    best    de^Tree    possible.-'      If    it    turns    out    to    he  j^ood   tlie 
criniit  of  workin<r  it  out  beloncjs  to  the   man  who  did  it.      If  it  is 
actuallv  bad,  a  careful  workin<j  out  will  usuallv  develop)  the  fact 
bevond  dispute,  aiid  save  unprotitahh'  argument.      For  the  success 
or  failure   of  a  machine  there  is  only  onc^  arirument  better  than 
the  detail  drawings,  and  that   is  the  !nachine  itself  in  o])eraticn. 
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Detail  drawings,   however,   are   infinitely   better    prosecntors   or 
defendants  than  a  multitude  of  wordy  counsel. 

Summary.  Tlie  above  classification  of  machinery  might  be 
subdivided  and  extended  indefinitely,  and  on  the  broad  basis  on 
which  it  is  given  it  doubtless  does  not  cover  the  entire  field.  As 
an  illustration,  however,  not  only  of  types  of  machinery,  but  of 
methods  of  design  and  study,  it  is  hoped  that  it  may  be  of  assist- 
ance in  giving  a  start  to  the  student  of  machine  design,  in  what- 
ever class  his  interests  may  happen  to  lie. 

It  is  the  general  principles  of  the  art  which  it  is  important  to 
master.  It  is  not  the  designing  of  a  locomotive,  or  a  stationary 
steam  engine,  or  a  crane,  or  an  engine  lathe,  or  a  rolling  mill, 
which  should  be  sought  to  be  learned,  but  the  designing  of  any- 
thiiuj  that  may  confront  us.  Specializing  is  sure  to  come  to  the 
designer  in  the  court-e  of  his  experience,  and  when  it  does  he  merely 
fits  to  the  particular  specialty  the  principles  he  knows  for  all,  and 
practically  develops  them  along  that  individual  line. 
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PART  II. 


Introduction.    In  Part  I  is  illustrated  a  definite  and  systematic  method 
of  attacking  the  design  of  a  machine  as  a  whole.    In  Part  II  the*  same  i)lan  is 
followed  with  regard  to  the  detail  of  its  component  parts^  the  machine  rlc 
ments  which  are  chosen  as  illustrations  of  the  method,  l)eing  the  simplest  and 
most  familiar  forms  in  common  use. 

As  before,  thostudent  muststrive  tograsj)  and  al)sorb  the  method  of  design 
rather  than  any  sp<h.mHc  and  established  form  of  a  machine  part.  Part  II  is 
not  a  compendium  of  design,  docs  not  attcmjit  to  l)e  complete  or  exhaustive  in 
any  of  its  chapters,  but  is  condensed  and  simj)lilicd  in  order  to  lead  the 
student  into  systematic  mechanical  thinking  nnd  higical  and  definite  acttion. 
Each  chapter  is  intended  to  stimulate  to  further  and  more  exhaustive  study 
along  lines  broader  than,  and  under  conditions  d.lTerent  from  those  that  can 
l>e  Hpeciftcd  in  a  general  dis<'ussion.  lint  no  matter  how  deeply  investigation 
may  be  carried,  or  how  siM»cialized  the  study  nny  become,  the  stu(^:.t  must 
rcpl'zo  that  his  path  of  action  in  any  case  wlintsoever  must  lie  along  the 
lines  of  Analysis^  llieory,  and  Practical  Modification  systematically  ai)i)lied. 


BELTS. 

NOTATION-  Thi»  followint,' liotatiiin  i-^iisr<l  throimlmut  tln^clmptrr  on  P.«.^♦^  • 

A = Sectional  area  of  1:olt  (s<juiiri'ii;cl<->  K  -  iJudiii- tf  i  iilN-y  (f*'*'!). 

=  bh.  >'   -     IJa(liu->  «f  J. I  ll«'y  (ijK  !.*'>«). 

6=  Width  of  bolt  (ii:ch»!-).  T       Initial  t('n>i(;n  (J»>.). 

F=  Force  of  friction  at  pullry  rim  dl."-.  .  Tn  -Tt»tal  liu^iim  on  liKht  sl<l«-  (Hi.-//. 

fc  =ThickneKaof  bolt  (incln>)  7.,    Total  tension  on  .-lack  i<i<lr' (11)-.). 

U=Cocflicicnt of  friction.  (    .    W,)rkinir  t<  n.-i<.n  of  l.r'lt     (lb.-,  jht 
N=Nuinberof  rcvolutioLs  of  i;ull«'y  i.or  -qnarr  inch). 

minotc.  V  _  Vclcrity  of  bilt  (frrt  i)cr  niinnic). 

n  =FractioDof  circumfcnncc  of  inillcy  „•  .  weight  of  belt  i-cr  cubic  inch  (lb.-.). 

embraced  by  b«'lt.  ;        Kjictor  <luc  to  c«  utrifuKal  force 
P=DriTiinf  force  at  pulley  rim  (lb>.)"  F. 

ANALYSIS.  When  a  belt  is  stn'tclicd  over  a  j»}iir  of  pulleys, 
is  cut  off  at  the  ])ro|)er  leutrth.  and  is  hurd  toizethcr  into  an  end- 
less band,  it  is  evident  tbat  as  lonj^r  as  the  belt  is  at  rest  there  is  a 
nearly  uniform  tension  in  it  tliroiioliont  its  lentjitli,  due  to  the  iii^ht- 
ness  with  wliieli  the  laein^^  is  drawn  up.  If  tlu-  distanee  bet^veen 
the  pulleys  is  considerable,  the  wrioht  of  the  belt  itsi-lf  as  it  hanj^rs 
between  the  puUevs  will  produce  a  slightly  greater  tension  next  to 
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the  pulleys  than  exists  in  the  middle  of  the  span.  Tliis  increase 
of  tension  due  to  the  weight  of  the  belt  would  make  but  little  dif- 
ference  in  the  unit-stress  in  the  material  of  which  the  belt  is  made; 
hence  it  may  safely  be  assumed  that  the  tension  in  the  belt  when 
at  rest  is  uniform  throughout  its  entire  length. 

When  we  start  to  transmit  power  through  the  belt  by  turning 
one  of  the  pulleys,  thereby  driving  the  other  pulley    the  condition 
of  stress  in  the  belt  is  at  once  materially  changed.      As  the  belt  is 
a  flexible  member,  we  can  transmit  only  a  pull  to  the  other  pulley, 
thereby  turning  it  around^  the  push  which   is  at  the  same  time 
given  to  the  other  side  of  the  belt  merely  acting  to  make  the  belt 
sag  or  become  slack.     Hence  the  immediate  effect  of  startincr  mo- 
tion  in  a  belt  is  to  change  the  condition  of  e([ual  tension  through- 
out its  length,  to  that  of  unequal  tension  in  the  two  sides.     The 
driving  aide  is  tight,  while  the  other  is  loose,  the  former  havint^ 
gained  as  much  tension  as  the  latter  has  lost,  and  the  sum  of  thi- 
two  being  practically  e(]ual  to  the  sum  of  the  tensions  in  the  two 
^idesof  the  belt  when  at  rest.     This  is  not  strictly  true,  as  will  K^ 
shown  later;  but  it  is  sufticiently  accurate  to  form   a  gocKl  basis 
lor  the  practical  design,  at  least  of  slow-s])eed  belts. 

This  condition  of  tight  and  slack  sides  is  made  possible  by 
tliH  fact  that  the  belt,  in  being  wrap])ed  around  the  pulleys  undi-r 
tension,  lijis  friction  on  tlieir  snrfaces.  Thus,  we  can  pull  hard  on 
one  >\i\c  withont  sli|)|)ing  the  b(*lt  around  the  ])ulleys,  but  could 
not  do  tills  if  tlic  ])nl]t»vs  were  perfectly  s!nooth  or  frictionless,  for 
in  that  case  the  rliontest  pull  on  one  side  would  slip  the  belt 
around  tlie  ])ulle\s.  In  fact,  it  wolild  be  inipossil>le  to  produce 
any  ]>ull  bv  means  of  the  driviyur  pulley,  for  the  j)ulley  would 
merely  slip  aiound  inside  the  lu^lt. 

The  amount  of  pull  we  can  ap])ly  to  the  belt  is  therefore  lim- 
ited by  the  tension  at  which  the  belt  slijjs  around  the  pulley. 
Moreo\('r,  >ince  tin'  foi'ce  of  friction  between  the  belt  and  pulley 
is  de|)<Mi(l<'nt  upon  the  normal  force  with  which  the  belt  is  pressed 
against  the  pnllev.  and  the  coetlicient  of  friction  between  the  two. 
it  is  e\  iileii!  that  the  tiohter  the  belt  is  laced  ui),  and  the  rougher 
the  surfaces  of  the  pulley  and  belt,  the  greater  is  the  force  that 
can  be  tiansmilted  thionoh  the  belt.  This  leads  to  tin*  conclusion 
that  it  would  bepu>sible  to  transmit  any  amount  of  power  th'^oueh 
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any    W*lt    however   small,   if    the  belt  were  only  laced    up  tight 
viicni<^h. 

This  eonclusiou  is  literally  true;  but  the  important  fact  now 
i*i>nies  ill,  that  the  strength  of  the  material  of  which  the  belt  is 
made  is  limited,  and  while  theoretically  we  might  be  able  to  ac- 
roii.plisli   the  above,  it  would  be  impossible   to  do  so  in  practice, 
ftirat  a  certain  ])oint  the  belt  would  break  under  the  strain.     Other 
]iractical  considerations  also  come  in,  which  fix  this  limit  of  power 
tninsinission  at  a  point  far  below  the  breaking  strength  of  th<j  ma- 
terial. 

The  complete  analysis  is  not  quite  as  simple  as  the  above,  es- 
jiecially  for  high-speed  belts.  AV'hen  the  driving  side  of  the  belt 
U'conies  tight,  it  stretches  and  grows  longer;  and  at  the  same 
time  the  other  side  of  the  l>elt  becomes  slack  and  grows  shorter. 
Kut  it  is  not  true  that  the  increase  in  the  one  side  is  the  same  as 
the  decrease  in  the  other,  and  this  fact  produces  the  condition  that 
tLo  sura  of  the  tensions  in  motion  is  not  quite  the  same  as  the  sum 
of  the  tensions  at  rest. 

Again,  when  the  belt,  as  it  passes  around  the  pulley,  changes 
its  straight-line  direction  to  circular  motion,  each  particle  of  the 
belt — like  a  body  whirling  at  the  end  of  a  cord  about  a  cehter  of 
rotation — tends  by  centrifugal  force  to  fly  away  from  the  surface 
of  the  pulley,  thereby  decreasing  the  normal  pressure,  and  hence 
the  friction.  Tliis  centrifutral  force  also  chanm»s  somewhat  the 
tensions  in  the  bt^lt  between  the  jmlleys.  As  the  centrifugal  force 
iiicreast'S  in  pr()]»ortion  to  the  square  of  the  linear  velocity,  it  is 
e\  idt-nt  that  the  effect  is  greater  at  high  speeds  than  at  moderate 
(T  low  s{)eeds. 

A  further  circumstance  that  affects  the  driving  power  of  a 
btit  is  the  stiffness  of  the  leather  or  other  niattTi;il  of  which  the 
U'lt  is  made.  As  it  passes  around  the  ])ulley,  the  belt  is  bent  to 
conform  to  the  circumference  of  the  [nilley,  and  is  again  straight- 
t-ntd  out  as  it  leaves  the  jmlley.  Hence  the  theoretically  perfect 
action  is  modified  somewhat  according  lo  the  sharj>ness  of  the 
rH.'nding  and  the  thickness  or  flexibility  of  the  belt;  in  other  words, 
a  small  pulley  carrying  a  thick  belt  Vvould  be  the  worst  case  for 
successful  calculation  on  a  theoretical  basis. 

THEORY*     The  condition  of  the  titrht  and   loose   sides  of  a 
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Itlt  tlan^nlitting  |ower,  i?  similar  to  tbat  of  tlie  weiglitt-d  strap 
find  fixed  |ullev?lu.wn  in  Fig.  IT.  If  motion  is  decfired  of  tht* 
strap  around  the  julley,  it  is  necessary  to  make  the  weight  W,  of 
.^-mli  a  niitTLitude  iLat  it  will  overcome  not  only  the  weight  W,, 
1  lit  abo  the  fricticn  betwttn  the  strap  and  the  pulley.  The  strap 
ttn5'i<  n  Tj,  is.  of  course,  equal  to  "NV  .  and  T,,  to  AV,.  The  equation 
show  in  ST  the   Valance  of  forces  for  the  condition  when    motion   is 


about  to  tccur.  is: 


T,.  -  To  —  F  -    I  *  i<  1  r  i  V  i  n  ir  forced. 


XI 


(5) 


If  the  jiulley  le  free  to  turn  on  its  axis,  insttad  of  being  fixed 

as  in  Fig.  17,  the  strap  by  its 
friction  on  the  pulley  will  turn 
the  jiullev,  and  the  force  of 
friction  Fl>ecomes  thedrivintj 
force  for  the  pulley  as  notetl 
in  tM  I  nation  5  above. 

In  Fig.  is,  let  us  su{)- 
]M)se  th;it  W  is  a  weight  rt^pre- 
sentinjT  the  resistance  to  l)e 
overcome.  The  tensions  Tj, 
and  T,,,  equal  at  lirst  owiiii^  to 
slreleliiiijT    tht*    brlt     tiirhtlv 

• 

i»vrr  tlir  ].ullt-v>at  n'>t,rhanj^e 
\\!i«-n  a:i  :illenij»t  i>  made  to 
raiM'  iln'  wt'it^ht  bv  turninn" 
thf  larpT  jaillcy:  «ui(l  ju>t  as 
llie  wrioht  K'avi's  the  lloor,  the 
eoualilv  of  moments  about 
tlu'  axis  of  tilt*  drivt-n  iMilley 
irivtrs  the  follow  itiiX  e«[Ualion: 


FiLT.  ir 


T. 


T        ,     r:      y      .      .     n       V     . 


AV>    /v 


(6) 


Tlii>  r(jualitA' of  nM'ii.t  III.-  innains  as  long  as  tlu*  motion  of 
tlir  wcioht  is  uiiil'onn,  jtn<i  rri»rtM'nt>  elosrlv  tht*  conditi<Mis  umler 
wliieli  bi'lt  ])ulle\s  work. 

Altliouidi  Wf  kn(»w  from  tlu-  ab'>\r  what  the  <///// 7*/ //'•»  <)fthe 
belt  tensions  is,  and  what    tliis  dilltitiiee  w  ill   do  when  applied  to 
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the  surface  of  ji  jrivt-ii  jmlloy,  wy  do  not  yet  know  wliat  either 
T„  or  T„  actually  is;  ami  until  w;)  do  know,  wo  cannot  correctly 
prt)portioD  the  belt,  Jlt-nce  we  nnist  find  another  relation  between 
T„  and  T„  wliicli  wecan  coinbino  with  equations  5  and  0.  This 
Tvlatiiii)  is  dfducttl  by  a  jirocess  of  higher  mathematics,  which  re- 
sults as  follows: 

T 
Coniinon  loi^ritliin  -tt--'  2.72!)  ^  (1  -  2)".      (7) 

Tretitinir  eijuHiiims  5  iind  7  im  f^iinultaneoiis,  values  of  both 
T|,  and  T„  can  be  found  by  tlie  regular  algebraic  solution.  As  T^ 
is  the  larger,  the  actual  area  of  belt  to  jirovide  the  necessary  strength 
must  l>e  made  to  depend  upon  it. 

The  factor;  in  equation  7  depends  ujx)n  the  cantrifugal  force 


deVflopiHl  by  the  weiglit  of  the  belt  passingaround  tbo  pnllev.      Its 
value,  found  from  nieeliiuiies,  i^: 

"'  X  V 

Having  fimnd  tlio  niaxinnuji  jiuil  on  the  belt,  it  now  remains 
to  write  the  equation: 

External  force     -  Internal  n-:*istai]ce; 

or,  T„  .-  I,  :■:  h  V  t.  (8) 

I'snaliy  the   most  eonvenieiit  way  to  iiandle   tliU  equation  ia 
/(  and  t,  and  then  solve  fur  //. 


80  MACIIIXE  DESIGN 


Siininiing  up  the  theoretical  treatment  of  belt  design,  we 
simply  combine  equations  5,  0,  7,  and  S,  and  solve  for  the  quantity 
desired.  Discussion  of  the  constants  involved  in  these  ecjuations, 
and  of  the  practical  factors  controlling  them,  is  given  in  thi3  fol- 
lowing : 

PRACTICAL  MODIFICATION.  The  forct^  of  friction  F,  which 
is  the  same  as  driving  force  P,  de|)t»nds  on: 

Coefficient  of  friction  (/it)  Ijetween  belt  and  pulley; 

Tightness  of  the  belt; 

Centrifugal  force  of  the  belt; 

Angle  of  contact  of  belt  with  pulley. 

The  coefficient  of  friction  (/it),  according  to  experiments  and 
observed  operation  of  belts  transmitting  power,  varies  from  .lo  to 
.5G  for  leather  on  cast  iron.  An  averai^e  value  consistent  with  a 
reasonable  amount  of  slip,  the  belt  being  in  good  running  order, 
is  .30.  If  the  belt  is  oily,  or  likely  to  -become  so  in  use,  a  lower 
value  should  be  taken. 

The  tighter  the  belt  is  drawn  up,  the  greater  is  the  pressure 
against  the  pulley,  and  hence  the  greater  is  the  force  of  friction. 
Hut  if  we  j)u]l  the  belt  u[)  too  tightly,  when  we  begin  to  drive, 
T„  becomes  too  great,  and  the  belt  breaks  or  is  under  such  stress 
that  it  wears  out  (juickly.  Moreover,  the  great  side  pressure  on" 
the  bearings  carrying  the  shaft  ])roduces  excessive  friction,  and  the 
drive  is  inetlicient.  This  is  wiiy  a  narrow  belt  driven  at  hi<di 
Speed  is  more  efficient  than  a  widc^  bell  at  slow  s])eed,  for  we  can- 
not pull  up  the  former  as  tightly  as  tlu^  latter  without  overstraining 
it,  and  yet  it  is  jjossible  to  get  tluj  re(juired  ])Ower  out  of  the  nar- 
row belt  by  runnincr  it  at  lunh  speed. 

The  centrifugal  force  is   of  small  importance  for  low  sjK*eds, 

SMV  of  H,(M)()  feet  i)er  minute  and  less;  and  it  therefore  may  usu- 
•  I  • 

ally  l)e  neglected.  The  factor  s  then  becomes  zero  in  the  expres- 
sion 1  -  ^  in  eijuation  T,  and  the  second  member  of  the  e(juation 
stands  simj>ly  ti.T'JU  X  /it  X  /'. 

The  angle  of  contact  of  belt  with  j)ulley  is  imjK)rtant,  as  a 
large  value  gives  a  great  diiference  b(»tw(?en  T^^  and  T,,;  and  it  is 
(lesiral>le  to  make  this  difference  as  great  as  possible,  because  there- 
by the  driving  force  is  increased.  Th(^  loose  side  of  a  horizon  til 
belt  should  always  be  above,  as  then   the  natural  sag  of  the  loose 
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•'ide  «hi«.'  Ut  its  slackness  tfiids  to  incroaso  tlio  antrleof  contuft  with 
llie  i»ullev%  while   tlu»  ti^hteiiintr  up  of  the  lower  side  acts  acrainst 
it5  c^ajx  to  luuke  the  loss  of  wrap  as  little  as  j)0S8ible.    Vertical  belts 
^bii'b  have  the  driving  pulley  upjx^nnost,  utilize  the  weight  of  the 
l)elt  to  increase  the  pressure  against  the  surface  of  the  pulley,  slightly 
increasing   its  capacity  for  driving.     The  angle  of   contact    may 
l>e  artiticially  increased  by  a  tightening  pulley  which  presses  the 
Wit    further  around   the  pulley  than  it  would  naturally  lie.     It 
adds  however,  the  friction  of  its  own  bearing,  and  impairs  the  effi- 
ciency of  the  drive.     For  ordinary  horizontal  belts,  the  angle  of 
contact  is  but  little  more  than  180"^',  and  the  value  of  ??  in  equation 
7  may  be  safely  assumed  at  i  unless  the  pulleys  are  of  relatively 
great  difference  of  diameter  and  very  close  together. 

Strength  of  Leather  Belting.     The  breaking  tensile  strength 
of  leather  belting  varies  from   3,000  to  5,000  pounds  per  square 
inch.    Joints  are  made  by  lacing,  by  metal  fasteners,  or  by  cement- 
ing.    The  strength  of  a  laced  joint  may  be  about  -j'^^j^,  of  a  metal- 
fastened  joint,  about  ^,  and  of  a  cemented  joint,  about  equal   to. 
the   full  strength  of   the  belt  cross -sectional   area.     The   proper 
working  strength  of  belting  de|x;nds  on  the  use  to  which  the  belt 
is  put.     A  continuously  running  belt  should  have  a  low  tension 
in  order  to  have  long  life  and  a  minimum  loss  of  time  for  repairs. 
F'or  double  leather  belting  it  has  been  shown  that  a  workin cr  ten- 
sion  of  t240  jK)unds  |>er   square  inch  of  sectional  area  gives  an  an- 
nual cost  —  for  rejKiirs,  maintenance,  and  renewals  —  of   H  jK^r 
crnt  of  first  cost.     At  400  jKuinds  working  tension,  the  annual  ex- 
jiense  l>ecomes  37  per  cent  of  first   cost.     These  results  apply  to 
U'lts  running  continuously;  larger  values  may  be  used  where  the 
full  load  conies  on  but  a  short  time,  as  in  the  case  of  dynamos. 
G(Kxl  average  values  for  working  tensions  of  leather  belts  are: 

Cemented  joints,  400  pounds  ]ter  square  inch. 
Lacpil  joints,         300     '*  *'       "         " 

Metal  joints,  2.50     '*  '*        "  '* 

Horse-Power  Transmitted  by  Belting.  If  P  is  the  driving 
force  in  |iOunds  at  the  riin  of  the  pulley,  and  V  is  th<*  vt-locity  of 
the  l>elt  in  feet  |)er  minute,  the  theoretical  horse- powrr  transmitted 
IB  evidently  : 
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p  X  V 
"•  ^'  ^  337)00  •  ^^^ 

It  is  evident  from  the  above  that  the  horse-power  of  a  belt  de- 
pends upon  two  things,  the  driving  force  Pand  the  velocity  V.  If 
either  of  these  factors  is  increased,  the  horse-power  is  increased. 
Increasing  P  means  a  tight  belt.  Hence  a  tight  belt  and  high 
speed  together  give  maximum  horse-power.  But  a  tight  belt 
means  more  side  strain  on  shaft  and  journal.  Therefore,  from  the 
standpoint  of  efficiency,  vse  a  narrow  belt  nnder  low  tension  at  (us 
high  a  speed  as  possible. 

Empirical  rules  for  horse-power  of  belting,  if  used  with  judg- 
ment, give  safe  results  when  applied  to  very  general  cases.  A 
common  rule  used  by  American  engineers  is: 

H.  p.  ==  3-^  .  (lO) 

For  a  double  belt,  assuming  double  strength,  this  becomes: 

^^•^^•  =  ^0-  (") 

With  large  pulleys  and  moderate  velocities,  this  may  hold 
good.  With  small  pulleys  and  high  velocities,  however,  the  un- 
certain stresses  induced  by  the  bending  of  the  libers  of  the  belt 
around  the  pulley,  and  the  relatively  great  loss  due  to  centrifugal 
force,  modify  this  relation*  and  a  safer  value  for  a  double  belt  of 
the  ordinary  kind  is: 

"•^•"^"540"'  (") 

J  X  V 
or,  still  safer,  H.  P.  =-^^^^.  (13) 

If  we  compare  the  theoretical  value  of  equation  9  with  the 
empirical  value  of  equation  10  by  putting  them  equal  to  each 
other,  thus: 

II    P   _PX  V      /.  X  V 
'     *       33,000  ~  1,000  • 

and  solve  for  P,  we  get  : 
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P  =  33b.  (i4) 

This  develops  the  fact  that  the  empirical  rule  of  equation  JO  as- 
sumes a  driving  force  of  33  pounds  per  inch  of  width  of  single 
belt. 

Another  way  of  expressing  equation  10  is:  A  single  belt 
will  transmit  one  horse- power  for  every  inch  of  width  at  a  belt 
speed  of  1,000  feet  per  minute. 

Speed  of  Belting.  The  most  economical  speed  is  somewhere 
between  4,00f)  and  5,000  feet  per  minute.  Above  these  values 
the  life  of  the  belt  is  shortened ;  also  *'  flapping,"  "  chasing,"  and 
centrifugal  force  cause  considerable  loss  of  power.  The  limit  of 
speed  with  cast-iron  pulleys  is  fixed  at  the  safe  limit  for  bursting 
of  the  rim,  which  may  be  taken  at  one  mile  per  minute. 

Material  of  Belting.  Oak-tanned  leather,  made  from  the 
part  of  the  hide  which  covers  the  back  of  the  ox,  gives  the  best  re- 
sults for  leather  belting.  The  thickness  of  the  leather  varies 
from  .IS  to  .25  inch.  It  weighs  from  .03  to  .04  pound  per  cubic 
inch.  The  average  thickness  of  double  leather  belts  may  be  taken 
as  .33  inch,  although  a  variation  in  thickness  from  ^  inch  to  -j^ 
inch  is  not  uncouunon.  Double  leather  belts  may  be  ordered 
light,  medium,  or  heavy. 

In  a  single- thickness  belt  the  grain  or  hair  side  should  be 
next  to  the  piiUev,  for  the  flesh  side  is  the  stronorer  and  is  there- 
fore  l>etter  able  to  resist  the  tensile  stress  due  to  bending  set  up 
where  the  belt  makes  and  leaves  contact  with  the  pulley  face. 
Double  leather  l)elts  are  made  by  cementing  the  flesh  sides  of 
two  thicknesses  of  belt  together,  leaving  the  grain  side  exposed 
to  surface  wear. 

Raw  hide  and  semi-raw  hide  belts  have  a  slightly  higher  co- 
efficient of  friction  than  ordinary  tanned  belts.  They  are  useful  in 
damp  places.  The  strength  of  these  belts  is  about  one  and  one- 
half  times  that  of  tanned  leather. 

Cotton,  cotton -leather,  rubber,  and  leather  link  belting  are 
some  of  the  forms  on  the  market,  each  of  which  is  especially 
adapted  to  certain  uses.  For  their  weights  and  their  tensile  and 
workincT  strengths  consult  the  manufacturers'  catalocjues. 

A  prominent  manufacturer's  practice  in  regard  to  the  sizes  of 
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Itfftther  belting  will  lit-  found  useful  for  com{)arison,  and  is  indicated 
ID  the  table  on  page  12. 

Initial  Tension  in  Beit.  On  the  assumption  that  the  sum  of 
the  tensions  is  onchancred,  whether  the  belt  be  at  rest  or  driving, 
we  shoold  have  the  followinir  relation  : 


whence. 


T    —  T   —  OT. 


T  -hT 


CiS) 

V  If 


\ 


This  is  not  strictlj  true,  however,  as  is  stated  in  the  "Analysis 
of  *'  Belts/*  It  has  been  found  that  in  a  horizontal  belt  working  at 
about  400  lbs.  tension  per  square  inch  on  the  tight  side,  and  hav- 
ing  2  per  cent  slip  on  cast-iron  pulleys  (  /.  ^.,  the  surface  of  the 


Sixes  off  Leather  Belting:. 


WIDTH. 


1  inch. 
2 

3 
4 


10 
12 
14 
21) 


THIt'KXESS. 

SiDjEcle.  Doublo. 

3V  inch.  x\  inch. 

T  «»  .»  »» 

3  1?  !^ 

■A  '2  '^ 

T  ».  -It. 

5  ..  3 

I  '••  s 

3 
»» 

I  3        .. 

{ •: 

id 


driven  pulley  moving  2  j>er  cent  slower  than  that  of  the  driver), 
the  increase  of  the  sum  of  the  tensions  when  in  motion  over  the 
sum  of  the  tensions  at  rest,  may  he  taken  at  about  \  the  value  of 
the  tensions  at  rest.     ExpressiuiX  this  in  tlie  form  of  an  equation 


4  ^   V  T 

To-T,-^(2T)=. 


;5 


T  =  -^  ,T„  -  T..,. 


(16) 
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rhe  value  of  T  thus  found  would  be  the  pounds  initial  tension  to 
¥hich  tlie  belt  sliould  be  pulled  up  when  being  laced,  in  order  to 
produce  T^  and  T^  when  driving. 

This   value  is  not  of  very  great  practical  importance,  as  the 
proper  tightness  of  belt  is  usually  secured  by  trial,  by  tightening 
pulleys,  by  pulley  adjustment  (as  in  motor  drives),  or  by  shorten- 
ing the   belt   from   time  to  time  as  needed.     It  is  worth  noting, 
however,  that  for  the  most  economical  life  of  the  belt  it  would  be 
very  desirable  in  every  case  to  weigh  the  tension  by  a  spring  bal- 
ance when   giving  the  belt  its  initial  tension.     This,  however,  is 
not  always  easy  or  even  feasible;  hence  it  is  a  refinement  with 
which  good  practice  usually  dispenses,  except  in  the  case  of  large 
and  heavy  belts. 

PROBLEMS  ON  BELTS. 

1.  Determine  the  belt  tensions  in  a  laced  belt  transmitting  50 
horse-power  at  a  velocity  of  3,500  feet  per  minute.  Suppose  that 
the  arc  of  contact  is  180  *,  weight  of  belt  =  .035  pound  per  cub. 
in.;  and  coefficient  of  friction  25  ])er  cent. 

2.  What  is  the  width  of  above  belt  if  it  is  -^^  inch  in  thick- 
ness ? 

3.  AVhat  initial  tension  must  be  placed  on  above  belt  ? 

4.  The  main  drive  pulley  of  a  120-hor8e-power  water  wheel 
is  T)  feet  in  diameter.  A  cemented  leather  belt  is  to  connect  the 
main  pulley  to  a  3-foot  pulley  on  the  line  shafting  in  a  mill.  The 
horizontal  distance  between  centers  of  shafting  is  24  feet;  coeffi- 
cient of  friction,  30  per  cent;  revolutions  per  minute  of  line  shaft- 
ing, ISO.     Desicrn  the  belt  for  this  drive. 

5.  An  S-inch  dou])le  belt  ||  inch  thick  connects  2  pulleys  of 
30-inch  and  20-inch  diameter  respectively.  The  horizontal  dis- 
tance between  the  centers  is  12.5  feet.  The  coefficient  of  friction 
is  0.3,  and  the  weight  of  belt  per  cubic  inch  is  0.035  pound. 
Working  tension,  300  pounds  per  square  inch.  Speed  of  belt 
5,000  feet  per  minute.  Lower  face  of  30- inch  pulley  is  the  driv- 
ing face.  Required  the  II.  P.  which  may  be  transmitted  (theo- 
retically). 

0.  Compare  the  theoretical  horse- power  in  problem  5  with 
that  obtained  by  the  use  of  empirical  formula. 
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PULLEYS. 

NOTATION— Tho  following  notation  is  nsod  throughout  the  chapter  on  Pulleys: 

A  =Area  of  rim  (sq.  in.).  I    =  Length  of  hub  (inches). 

a-    '*     "armC'     "  ).  N  =  Number  of  arms. 

b  =  Center  of  pulley  to  center  cf  belt  n  =       "        "  rim  bolts,  each  side. 

(inches;  practically  equal  to  R).  P  =Driving  force  of  belt  (lbs.). 

Ci  =  Total  centrifugal  force  of  rim  (lbs.).  Pi=Forcc   at   circumference   of    shaft 
c    =  Distance  from  neutral  axis  to  outer  (lbs.). 

fiber  (inches).  P2=/Forceatoircumferenceof  hub  (lbs.). 

D  =  Diameter  of  pulley  (inches).  p  =  Stress  in  rim  due  to  centrifugal  force 
Di=        '*           •'  hub      (     "     ).  (lbs.  per  sq.  in.). 

di  =       *^  *'  bolt  at  root  of  thread  R  =  Radius  of  pulley  (inches). 

(inches).  S  =Fiber  stress  (lbs.  per  sq.  in.). 

d  =Diamcter  of  bolt  holes  (inches).  «=  Fiber  stress  in  flange  (IIm.  per  wi.  in.), 

g   =  Acceleration    duo   to    gravity    (ft.  T  =  Thickness  of  web  (inche>). 

per  sec.).  t    =         ''  "  rim  (     '*     ). 

h  =Widthof  arm  at  any  section  (inches).  /a  *'  *'     '*  bolt  flange  (inches). 

I   =  Moment  of  inertia.  T  n  -Tension  of  b«»lt  on  tight  side  (lbs.). 

L  =Length  of  arm,  center  of  belt  to  hub  To=        "        "     "      "loose    "     (  **  ). 

(inches).  v   --Velocity  of  rim  (ft.  per  sec.). 

Li  =  Length  of  rim  flange  of  split  pulley  tr  =  Weight  of  material  (lbs.  pei  cub.  in.). 

(inches). 

ANALYSIS.  If  a  flexible  band  be  wrapj)ed  completeli/  about 
a  pulley,  ami  a  heavy  stress  be  put  u])aii  each  en(i  of  the  band,  the 
rim  of  the  pulley  will  tend  to  collapse  just  like  a  boiler  tube  with 
steam  pressure  on  the  outside  of  it.  A  compressive  stress  is  in- 
duced which  is  very  nearly  evenly  distributed  over  the  cross-sec- 
tion of  the  rim,  except  at  ])oints  where  the  arms  are  connected 
thereto.  At  these  points  the  arms,  aetintjj  like  ritj^id  posts,  take 
this  compressive  stress.  Now,  a  pulley  never  has  a  belt  wrapj)ed 
rof)ij)let(dy  rownd  it,  the  fraction  of  the  circumference  embraced  by 
the  belt  being  usually  about  J,  and  seldom,  even  with  a  ticrhtener 
pulley,  reaching  ^.  Assuming  tlie  wrap  to  be  A  the  circumference, 
and  that  all  the  side  pull  of  the  belt  comes  on  the  rim,  none  being 
transmitted  through  the  arms  to  the  hub,  we  then  have  one-half  of 
the  rim  pressed  hard  against  the  other  half  by  a  force  equal  to  the 
resultant  of  the  belt  tensions,  which,  in  this  case,  would  be  the 
sum  of  them.  Dividing  the  puliey  by  a  ])lane  through  its  center 
and  j)er])endicular  to  the  bek,  the  cross-section  of  the  rim  cut  by 
this  plane  has  to  take  this  coni[)ressive  stress- 

This  analysis  is  satisfactory  from  an  ideal  standpoint  only,  for 
the  intensity  of  stress  due  to  the  direct  pull  of  the  belt,  with  the 
usual  ])ractical  proportions  of  rim,  would  bt»  very  small.  JVJore- 
over,  the  element  of  sjn^ed  has  not  been  consider(*(l. 

When  the  pulley  is   under  sjx^ed.  a  set  of  conditions  which 
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iplicates  matters  is  introdaced.     The  centrifugal  force  due  to 

3  weight  of  the  rim  and  arms   is  no  longer  negligible,  but  has 

i  important  influence  upon  the  design  and  material  used.     This 

intrifugal  force  acts  against  the  effect  of  the  belt  wrap,  tending 

oPBdnce  the  compressive  stress,  or,  overcoming  the  latter  entirely, 

Ktsnpa  tensional  stress  both  in  the  rim  and  in  the  arms.    It  also 

tends  to  distort  the  rim  from  a  true  circle  by  bowing  out  the  rim 

between  the  arms,  thus  producing  a  bending  moment  in  the  rim, 

ffitxiinum  at  the  |)oints  where  the  rim  joins  each  arm. 

It  can  readily  be  imagined  that  the  analysis  in  detail  of  these 
^008  stresses  in  the  rim  acting  in  conjunction  with  each  other 
inquire  complicated  —  far  too  much  so  in  fact,  to  be  introduced 
here.    As  in  most  cases  of  such  design,  however,  one  controll- 
ing influence  can  be  separated  out  from  the  others,  and  the  de- 
sign based  thereon  with  sufficient  margin  of  strength  to  satisfy 
tie  more  obscure  conditions.     This  is  rational  treatment,  and  the 
** theory"  will  be  studied  accordingly. 

The  rim,  being  fastened  to  the  ends  of  the  arms,  tends,  when 
driving,  to  be  sheared  off,  the  resisting  area  being  the  areas  of  the 
cross- sections  of  the  arms  at  their  point  of  joining  the  rim.  The 
force  that  produces  this  shearing  tendency  is  the  driving  force  of 
the  belt,  or  the  difference  between  the  tensions  of  the  tight  and 
loose  sides. 

Again,  at  the  point  of  connection  of  the  arms  to  the  hub,  e 
shearing  action  takes  place,  so  that,  if  this  shearing  tendency  were 
carried  to  rupture,  the  huh  would  literally  be  torn  out  of  the  arms. 
Now,  viewing  the  arms  as  beams  loaded  at  tlie  end  with  the  driv- 
ing force  of  the  belt,  and  fixed  at  the  hub,  a  heavy  bending  stress 
is  set  up,  which  is  maximum  at  the  point  of  connection  to  the 
hub.  If  the  rim  were  stiff  enough  to  distribute  this  driving  force 
equally  between  the  arms,  each  arm  would  take  its  proportional 
share  of  the  load.  The  rim,  howevt;r,  is  quite  thin  and  flexible; 
and  it  is  not  safe  to  assume  this  perfect  distribution.  It  is  usual 
to  consider  that  one-half  the  whole  numl>er  of  arms  take  the  full 
driving  force. 

THEORY — Fhilley  Rim.  Evidently  it  is  practically  impossible 
to  make  so  thin  a  rim  that  it  will  collapse  under  the  pull  of  a  belt. 
As  far  as  the  theory  of  the  rim  is  concerned,  its  proportion  prob- 
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ably  depends  more  upon  the  calcalation  for  centrifugal  force  tha 
upon  anything  else. 

In  order  to  separate  this  action  from  that  of  any  other  fmei, 
let  us  suppose  that  the  rim  is  entirely  free  from  the  arms  and  hub, 
and  is  rotating  about  its  center.     Every  particle,  by  oentrifogd 
force,  tends  to  fly  radially  outward  from  the  center.    This  condi- 
tion is  represented  in  Fig.  19.    The  tendency  with  which  one-half 
of  the  rim  tends  to  fly  apart  from  the  other  is  indicated  bj  the 
force  C,;  and  the  relation  between  C,  and  the  small  radial  force  e 
for  each  unit-length  of  rim  can  readily  be  found  from  the  prin- 
ciples of  mechanics.     The  case  is  exactly  like  that  of  a  boiler  or  a 
thin  pipe  subjected  to  uniform  internal  pressure,  which,  if  carried 
to  rupture,  would  split  the  rim  along  a  longitudinal  seam. 


Fig.  19.  Fig.  20. 

Tlie  tensile  stress  thus  induced  per  square  inch  can  be  foand 
by  simple  mechanics  to  be: 


P  = 


<J 


(I7) 


or,  since  w  --■  0.20  jiound,  and  g  ==  32.2  feet  per  second, 


V 


j,^().{Ydlv'     (  say-f^); 


(i8) 


and,  M  J)  be  taken  equal  to  1,000  pounds  per  square  inch,  which  is 
as  hifirh  as  it  is  safe  to  work  cast  iron  in  this  place, 

r  ■---  100  feet  jx»r  second.     .  (l9) 

This  shows  the  curious  fact  that  the  intensity  of  stress  in  the  rim 
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IB  directly  proportional  to  the  square  of  the  linear  velocity,  and 
wholly  independent  of  the  area  of  cross- section.  It  is  also  to  be 
noted  that  100  feet  per  second  is  about  the  limit  of  speed  for  cast- 
iron  poUeys  to  he  safe  againgt  bursting. 

If  we  wish  to  consider  theoretically  the  rlni  together  with  the 
arms  as  actually  connected  to  it,  we  get  a  much  more  complicated 
relation.  This  condition  is  shown  in  Fig.  20,  where  the  rim,  ex- 
panding  more  than  the  arms,  bulges  out  between  them.  This 
makes  the  rim  act  something  like  a  continuous  beam  uniformly 
loaded;  but  even  then  the  resulting  stress  is  not  clearly  defined  on 
account  of  the  variable  stretch  in  the  arms.  Investigation  on  this 
basis  is  not  needed  further  than  to  note  that  it  is  theoretically 
better,  in  the  case  of  a  split  pulley,  tu  make  the  joint  close  to  the 
arms,  rather  than  in  the  middle  of  a  span. 

Pulley  Anns-  The  centrifugal  force  develo](ed  by  the  rim 
and  arms  tends  to  pull  the  arms  from  the  hub.  On  the  belt  side, 
this  is  balanced  to  some  extent  by  the  belt  wrap,  which  tends  to 
compress  the  arm  and  relieve  the  tension.  On  the  side  away 
from  the  belt,  the  centrifugal  action  has 
full  play,  but  the  arm  is  usually  of  such 
cross-section  that  the  intensity  of  this  stress 
is  very  low.     It  may  safely  be  neglected. 

The  rim  being  very  thin  in  most  cases, 
its  distributing  effect  cannot  be  depended 
on,  henee  the  driving  force  of  the  IxOt  may 
be  taken  entirely  by  the  arms  immediately 
under  the  portion  of  the  belt  in  contact  with 
the  pulley  face.  For  a  wrap  of  ISO^  this 
means  that  only  one-half  of  the  pulley  arms 


Fig.  21. 


be  considered  as 

effective  in  transmitting  the  turning  effort  to  the  huh.  Each  of 
these  arma  is  a  lever  fixed  at  one  end  tu  the  hub  and  loaded  at  the 
other.  A  lever  of  this  dcBcri[jtion  is  called  a  "  cantilcvt-r"  beam, 
its  maximum  moment  existing  at  itH  fixed  end.     The  load  tliat  each 

P 
of  these  beams  may  be  subjected  to 


mam  external  moment  at  the  hub  is  - 
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know  that  the  internal  moment  of  resistance  of  any  beam  section 
is  — ,  and  that  equilibrium  of  the  beam  can  be  satisfied  only 

when  the  external  moment  is  equal  to  the  internal  moment  of  re- 
sistance of  the  beam  section.     Equating  these  two,  we  have: 

2PL       SI  .      . 

The  arms  of  a  pulley  are  usually  of  the  elliptical  or  segmental 
cross-section,  and  may  be  of  the  proportions  shown  in  Fig.  21. 

For  either  of  these  sections  the  fraction  —  is  approximately  equal 

c 

to  0.039SA'.  For  convenience  (the  error  caused  being  on  the  safe 
side),  L  may  be  taken  as  equal  to  the  full  radius  of  the  pulley  R, 
whence 

'-^='-^:^^  =  ommsAv         (ai) 

in  which  S  may  be  from  2,000  to  2,250  for  cast  iroD 

Taking  moments  aboat  the  center  of  the  pulley,  and  solving 
for  P„  the  force  acting  at  the  circumference  of  the  hub,  we  have : 

2PR  _  PjD. 

N    ~    2    ' 

P.  -  N  1)7  (^') 

Tlie  area  of  an  ellij)tical  section  is  ^  times  the  product  of  the 
half  axes.     With  the  projK)rtion8  of  Fig.  21,  this  becomes: 

a  =  7r  X  0.2/^  X  0.5//  -  y -  (23) 

Equating  the  external  force  to  the  mternal  shearing  resistance,  we 
have  : 

4PR  _  7r//*S, 
ITD,  ~  "ilT 

or.  S,  =  j)>j^^,,  (34) 
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in  which  the  shearing  stress  Sg  may  run  from  1,500  to  1,800  for 
cast  iron. 

Although  both  bending  and  shearing  stresses  as  calculated 
above  exist  at  the  base  of  the  arms,  the  bending  is,  in  practically 
every  case,  the  controlling  factor  in  the  design  of  the  arms.  An 
arm-section  large  enough  to  resist  bending  would  have  a  very  low 
intensity  of  shear. 

If  the  number  of  arms  be  increased  indefinitely,  we  come  to 
\  continuous  arm  or  web,  in  which  the  bending  action  is  elimi- 
nated. It  may  still  shear  off  at  the  hub,  where  the  area  of  metal 
is  the  least,  at  minimum  circumference.  In  this  case  the  area 
under  shearing  stress  is  ^D,T;  and  the  force  at  the  circumference 
of  the  hub,  is 

PR      2PR 
D.— D, 

2 
Equating  external  force  to  in- 
ternal shearing  resistance,  we 
have  : 


2PR 
or,     S,  —  ^j^  ,^ 


(25) 


Fig.  22. 


Fhilley  Hub.     As  in  the 

case  of  the  arms,  centrifugal 
force  does  not  play  much  part  in  (lie  design  of  the  hub  of  a  pulley. 
The  hub  is  designed  princij)ally  to  cany  the  key,  and  through  it 
transmit  the  turning  moment  to  the  shaft.  Considered  thus,  the 
hub  may  tear  along  the  line  of  the  key  or  crush  in  front  of  the  key. 
For  example,  in  Fig.  22,  if  the  connection  with  the  lower 
arms  be  neglected,  and  the  upper  arms  be  held  fast  wliile  a  turning 
force  P,,  at  the  surface  of  the  shaft,  is  transmitted  to  the  hub 
through  the  key,  then  the  metal  of  the  hub  directly  in  front  of  the 
key  is  under  crushing  stress;  and  tlie  metal  along  the  line  eh^  from 
the  corner  to  the  outside,  is  under  tensile  stress.  This  condition  is 
the  worst  that  could  possibly  happen,  because  the  bracing  effect  of 
the  lower  arms  has  been  neglected,  and  the  key  is  located  between 
the  arms. 
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Taking  moraents  about  the  center  of  the  shaft,  the  value  of  the 
force  at  the  shaft  circumference,  or  the  ''key  pull,"  is: 

P|  =  ^r  (36) 

P  k 

Now-rr  "^ —  9  ^  being  the  distance  from   the  center  of  shaft   to 

ceiTter  of  eb,  and  the  area  of  metal  which  is  subjected  to  the  tearing 
action  P3  is  Z  X  eb.  Equating  the  external  force  to  the  internal 
resistance,  and  assuming  that  the  stress  is  equally  distributed  over 
the  area  I  X  eb^  we  have: 

/•  /•        P  R   • 

The  intensity  of  crushing  on  the  metal  in  front  of  the  key,  due 
to  force  P,,  depends  upon  the  thickness  of  the  key,  and  is  properly 
discussed  later  under  "Keys." 

PRACTICAL  MODIFICATION— Pulley  Rim.  The  theoretical 
calculation  for  the  thickness  of  the  rim  may^give  a  thickness  that 
could  not  be  cast  in  the  foundry,  and  the  section  in  that  case  will 
have  to  be  increased.  As  light  a  section  as  can  be  readily  cast  w\\\ 
usually  be  found  abundantly  strong  for  the  forces  it  has  to  resist. 
A  minimum  thickness  at  the  edge  of  the  rim  is  about  ^^  inch; 
and  as  the  pulleys  increase  in  size,  the  rim  also  must  be  made 
thicker;  otherwise  the  rim  will  cool  so  much  more  quickly  than 
the  arms,  that  the  latter,  on  cooling,  will  develop  shrinkage  cracks 
at  the  point  of  junction. 

For  a  velocity  of  6,000  feet  per  minute,  we  find  from  equation 
18  that  the  tension  in  pounds  per  scjuare  inch,  in  the  rim,  due  to 
centrifugal  force,  is  970.  Though  this  in  itself  is  a  low  value,  yet 
the  uncertain  nature  of  cast  iron,  its  condition  of  internal  stress, 
due  to  casting,  and  the  likely  existence  of  hidden  tlawsand  pockets, 
have  established  the  usatre  of  this  fimireas  the  liii^hest  safe  limit 
for  the  peripheral  speed  of  cast-iron  pulleys.  It  is  easily  remem- 
bered that  cant'} ron  pulley i<  are  safe  for  a  linear  ifelorlt if  afabtnit 
ojie  mile  per  minute. 
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To  prevent  the  belt  from  ninniiit^  off  the  pulley,  a  "crown" 
or  rounding  surface  is  given  the  rim.  A  ta{)ered  face,  which  is 
more  easily  produced  in  the  ordinary  shop,  may  he  used  instead. 
This  taper  should  be  as  little  as  possible,  consistent  with  the  belt 
staying  on  the  pulley;  A  inch  per  foot  each  way  from  the  center 
is  not  too  much  for  faces  4  inches  wide  and  less;  while  above  this 
width  J  inch  per  foot  is  enough.  As  little  as  ^  inch  total  crown 
has  been  found  to  be  sufficient  on  a  24-inch  face,  but  this  is 
probably  too  little  for  general  service. 

Instead  of  being  "crowned,"  the  pulley  may  be  flanged  at  the 
edges;  but  flanged  pulley  rims  chafe  and  wear  the  edge  of  the  belt. 

The  inside  of  the  rim  of  a  cast-iron  pulley  should  have  a  taper 
of  J  inch  per  foot  to  permit  easy  withdrawal  from   the  foundry 


y^y//////////////////^/^0y///^^^^ 
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Fig.  23. 

mould.  This  is  known  as  "draft."  If  the  pattern  be  of  metal,  or 
if  the  pulley  be  machine-moulded,  the  greater  truth  of  the  casting 
does  not  require  that  the  inside  of  the  rim  be  turned,  as  the  pulley, 
at  low  speeds,  will  be  in  sufficiently  good  balance  to  run  smoothly. 
For  roughly  moulded  pulleys,  and  for  use  at  high  sj)eeds,  however, 
it  is  necessary  that  the  rim  be  turned  on  the  inside  to  give  the 
pulley  a  running  balance. 

Fig.  23  shows  a  plain  rim  <i  also  one  stiffened  by  a  rib  5. 
Where  heavy  arms  are  used  this  rib  is  essential  so  that  there  will 
not  be  too  sudden  change  of  section  at  the  junction  of  rim  and  arm. 
and  consequent  cracks  or  sj)ongy  metal. 

Pulley  Arms.  The  arms  should  be  well  filletted  at  both  rim 
and  hub,  to  render  the  flow  of  metal  free  and  uniform  in  the  mould. 
The  general  proportions  of  arms  and  connections  to  both  hub  and 
rim  may  perhaps  be  best  developed  by  trial  to  scale  on  the  draw- 
ing board.     The  base  of  the  arm  being  determined,  it  may  gradu- 
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ally  taper  to  iha  riiu,  where  it  tnkes  aboHt  the  relation  of  §  tn  J 
tile  dimeDsioua  (^boat>D  at  tbe  hub.  The  taper  may  be  moilIM 
DDtil  it  looka  right,  and  then  the  sizes  checked  for  streogth. 

Six  nniia  are  used  in  the  great  majority  of  pulleys.  Thii 
Dumber  not  only  looks  well,  but  is  adapted  lu  the  standard  tbw 
jawed  cbucka  and  common  i;lau)jjin}r  devices  found  in  moet  ihupi. 
Elliptieal  anus  look  better  than  the  segmental  Ktyle.  TlieHal, 
rectaogtilar  arm  gives  a  very  clumsy  and  heavy  ap[>earanee,  iiudi* 
eeldom  found  except  on  the  very  cheapest  work. 

A  double  set  of  arms  may  be  used  on  an  excessively  viile 
face,  but  it  complicates  the  casting  to  some  extent. 

Although  a  web  pulley  may  lie  calculated  for  shear  nt  tli« 
hub,  yet  it  will  usually  be  found  that  with  a  thickness  of  web  iu 
termediate  between  the  tbickuees  of  the  rim  aud  that  of  the  hub. 
which  will  satisfy  the  casting  requirements,  the  reqniremenlBaslo 
strength  will  be  fully  met,  I 

Pulley  Hub.  The  hub  should  have  a  tiiper  of  i  inch  per  foot 
draft,  similar  to  that  of  the  inside  of  the  rim.  Tlie  length  of  the 
hub  ia  arbitrary,  but  should  be  ample  to  prevent  rocking  on  the 
shaft.  A  common  rule  Is  to  make  it  about  |  the  face  widtb  of 
the  pulley. 

The  diameter  of  ihe  hub.  aside  from  the  theoretical  consider. 
Rtion  given  above,  must  be  sufficient  to  take  the  wedging  fiction  of  a 
taper  key  without  splitting.  This  relation  cannot  well  be  calca- 
lated.  Probably  the  best  rule  that  exists  is  the  familiar  one  that 
the  hub  should  be  twice  the  diameter  of  the  shaft.  This  rule, 
however,  cannot  be  literally  adhered  to,  as  it  gives  too  small  hubs 
for  small  shafts  and  too  large  ones  for  large  shafts.  It  la  always 
well  to  locate  the  key,  if  possible,  underneath  an  arm  instead  of 
between  the  arms,  thus  gaining  the  additional  strength  due  to  the 
backing  of  the  arm. 

SPLIT  PULLEYS. 

ANALYSIS  and  THEORY.  The  split  pulley  is  made  in 
halves  and  provided  with  bolts  through  flanges  and  bosses  on  the 
hub  for  holding  the  two  halves  together.  When  the  pnlley  is  in 
place  on  the  shaft,  bolted  up  as  one  piece,  it  is  subjected  to  the 
same  forces  as  the  simple  pulley.     Hence  its  general  deeign  fol- 
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ton  the  same  principles,  and  we  need  only  study  the  fastening  of 
tb«  tvo  halves,  and  the  effect  of  this  fastening  on  the  detail  of  rim- 
udhab. 

Tbe  simplest  stress  we  have  to  consider  on  the  rim  bolts  is 
one  of  pare  tension,  due  to  the  centrifugal  force  of  the  halves 
of  Ihti  pulley,     A  safe  assumption  to  make  is  that  the  rim  is  free 


from  the  arms  and  hub,  as  in  tbe  simple  pulley,  and  that  the  cen- 
trifugal force  developed  by  it  has  to  be  taken  by  the  rim  bolts 
alone.  In  other  words,  consider  tlie  rim  bolts  as  belonging  en- 
tirely to  the  rim,  and  make  them  as  strong  as  the  rim,  leaving  the 
bub  bolts  to  take  the  centrifugal  force  of  the  arms  and  hub,  and 
the  spreading  tendency  due  to  the  key. 

Another  tensile  stress  is  induced  in  the  rim  bolts  by  the  fact, 
that,  having  made  an  open  joint  in  tbe  rim,  and  in  addition  placed 
the  extra  weight  of  lugs  there,  tbe  centrifugal  action  at  this  point 
is  increased,  and  at  the  same  time  a  point  of  weakness  in  tbe  rim 
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introduced.  Iteferring  to  Fig.  24,  the  rim  flanges  EJ  tend  to  fly 
out  due  to  the  centrifugal  force  Cf.  This  tends  to  oj)en  the  joint 
J  at  the  outside  of  the  rim  ;  to  throw  a  bending  stress  on  the  rim, 
maximum  at  the  jioint  F  ;  and  to  "heel"  the  rim  flanges  about 
the  point  E.  The  rim  bolts  acting  on  the  leverage  e  about  the 
point  E  must  resist  these  tendencies,  and  are  thereby  put  in 
tension. 

Referring  to  equation  IS,  we  find  the  intensity  of  stress  due  to 
the  centrifugal  force  of  the  rim  in  Jbs,  per  square  inch  to  be  : 

v' 

If  A  is  the  sectional  area  of  the  rinj  in  square  inches,  this  means 
that  the  total  strength  of 
the  rim  is  represented    by 

10  ■ 

bolt  is  represented  by  the 

expression  —^ —     if,  now, 

there   are  n   bolts    in   the 

flange,  the  total    resisting 

,  ,     ,    ,      .    jiStt'',' 
force  of  the  bolts  is  — 7 — ; 

and  the  equation  represent- 
ing equality  of  strength  be- 
tween ritn  and  bolts  is  : 

ITT  "      ^'■ 
from   which,    by  a  prupcr 
assumption  of   the  fiber 
BtrcKS  S,  which  should  In; 


(28) 


Fig.  25. 


low,  the  ojtening-iip  tendency  of  the  joint  l>eing  neglected,  the  diam- 
eter at  the  root  of  the  thread  */,  ni;iy  be  calculated,  and  the  nom- 
inal bolt  diameter  chosen,  liefereiice  to  the  table  for  strength 
of  bolts,  given  in  the  cha])ter  on  Hults,  Studs,  etc.,  will  be  found 
convenient. 
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It  is  very  doul)tful  if  the  tension  on  the  flange  bolts,  due  to 
the  *' heeling  "alnrnt  E  can  be  calculated  with  sutHcient  accuracy  to 
be  of  mnoli  value.     It  is  probably  better  to  assume  S  at  a  low  value, 
say  4,0CM1,  and.  in  addition,  for  largn  and  high-speed  pulleys,  stif- 
fen the  rim  by  running  a  rib  between  the  flange  and  the  adjacent 
arm.      It  is  erident  that  if  we  mtike  the  rim  so  stiff  that  it  cannot 
deflect,  there  will  be  no  '•heelincr"  about  E  ;  and  the  bolts  will 
be    well   proportioned   by  the  preceding  calculation,  giving  them 
equal  strength  to  that  of  the  rim  section. 

For  the  bolt  flange  itself,  any  tendency  to  open  at  the  joint  J 
^rould  cause  it  to  act  like  a  beam  loaded  at  some  point  near  its 
middle  with  the  bolt  load,  and  supported  at  J  and  E.  This 
condition  is  shown  in  Fig.  25.  Probably  the  weakest  section 
would  be  along  the  line  of  the  bolt  centers.     We  have  just  noted 

;?  Stt^Z  ^ 
that  the  carrying  capacity  of  the  bolts  is  --  .    '       IIence,assum- 

ing  that  e  =  if]  which  is  about  the  worst  case  which  could  hap- 
pen,  we  have  a  l>eam  of  lengthy  loaded  at  the  middle  with  — j — - 

and    supported  at  the  ends.     Equating  the  external  moment  to 
the  internal  moment,  we  have  : 

'          nSwl,'       f        H(\  -  nd)t.^  .      . 

—4-  X  T  = G '  (^^) 

from  which  the  fiber  stress  *   in  the  flange  may  be  calculated  and 
judged  for  its  allowable  value. 

L,  may  be  assumed  a  little  narrower  than  the  pulley  face;  and 
t,  from  1  inch  to  2  inches  or  more,  depending  on  the  thickness  of 
the  rim. 

The  hub  Iv^lts  doubtless  assist  the  rim  bolts  in  preventing 
the  halves  of  the  pulley  from  flying  apart.  Tiiey  also  clamp  the 
hub  tightly  to  the  shaft,  preventing  any  looseness  on  the  key. 
Their  function  is  a  rather  general  one;  and  the  specific  stress 
which  they  receive  is  practically  impossible  to  calculate.  As  a 
matter  of  fact,  if  the  hub  bolts  were  left  out  entirely,  the  pulley 
would  still  drive  fairly  well,  but  general  rigidity  and  steadiness 
would  be  impaired.  Hence  the  size  of  the  hub  bolts  is  more  a 
practical  question  than  one   involving  calculation.     The  rim  bolts 
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■hoQld  be  figaied  first,  and  their  siae  determined  on ;  then  the  hub 
boItB  can  be  judged  in  proportion  to  the  rim  bolts,  the  diameter  of 
thafti  the  thicknoM  and  length  of  the  hub,  and  the  genenl  form 
of  the  pnlley.  Often  appearance  is  the  deciding  factor,  it  bong 
manifestly  inconsistent  to  associate  small  fastenings  with  laigs 
shafts  or  hubs,  e^en  though  the  load  be  actnally  small. 

PRACTICAL  MODIRCATION.    Practical  considerations  an 
chiefly  responsible  for  the  location  of  the  joint  in  a  split  pnllsj 
between  the  arms  instead  of  directly  at  the  end  of  an  arm,  where 
theoretically  it  would  seem  to  be  required.     It  is  usually  more 
convenient  in  the  foundry  and  machine  shop  to  have  the  joint  be- 
tween the  arms;  so  we  generally  find  it  placed  there,  and  strength 
provided  to  permit  this.     It  is  possible,  however,  to  provide  a 
double  arm,  or  a  single  split  arm,  in  which  case  the  joint  of  the 
pulley  comes  at  the  arm,  and  the  "  heeling  ^'  action  of  the  rim 
flanges  is  prevented. 

The  rim  bolts  should  be  crowded  as  dose  as  possible  t3  the 
rim  in  order  to  reduce  the  stress  on  them,  and  also  the  stress  in 
the  flange  itself.  The  practical  point  must  not  be  forgotten,  how- 
ever that  the  bolts  must  have  sufficient  clearance  to  be  put  into 
place  beneath  the  rim. 

While  it  is  evident  that  the  rim  bolts  are  most  effective  in 
taking  care  of  the  centrifugal  action  of  the  halves,  yet  in  small 
split  pulleys  it  is  quite  common  to  omit  the  rim  bolts  and  to 
use  the  hub  bolts  for  the  double  purpose  of  clamping  the  shaft 
and  holding  the  two  halves  together.  The  pulley  is  cast  with  its 
rim  continuous  throughout  the  full  circle,  and  it  is  machined  in 
this  form.  It  is  then  cracked  in  two  by  a  well-directed  blow  of  a 
cold  chisel,  the  casting  being  especially  arranged  for  this  along  the 
division  line  by  cores  so  set  that  but  a  narrow  fin  of  metal  holds 
the  two  parts  together.  This  provides  sufficient  strength  for  cast- 
ing and  turning,  but  permits  the  cold  chisel  to  break  the  connec- 
tion easily. 

SPECIAL  FORnS  OF  PULLEYS. 

The  plain  cast-iron  pulley  has  been  used  in  the  forgoing 
discussion  as  a  basis  of  design.  A  pulley  is,  however,  such  a 
common  commercial  article,  and  finds  such   universal  use,   that 
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special  forms,  wliich  can  be  bought  in  the  open  market,  are  not 
only  cheaper  but  better  than  the  plain  cast-iron  pulley,  at  least  for 
regular  line-shaft  work. 

Cast  iron  is  a  treacherous  and  uncertain  material  for  rims  of 
pulleys.  It  is  not  well  suited  to  high  fiber  stresses;  hence  the  range 
of  speed  permissible  for  pulley  rims  of  cast  iron  is  limited.  Steel 
and  wrought  iron,  having  several  times  the  tensional  strength  of 
cast  iron,  and  being,  moreover,  much  more  nearly  homogeneous 
in  texture,  are  well  suited  for  this  work;  one  of  the  best  pulleys  on 
the  market  consists  of  a  steel  rim  riveted  to  a  cast-iron  spider. 
Such  an  arrangement  combines  strength  and  lightness,  without 
increasing  complication  or  expense. 

The  all-steel  pulley  is  a  step  further  in  this  direction.  Here 
the  rim,  arms,  and  hub  are  each  pressed  into  shape  by  specially 
devised  machinery,  then  riveted  and  bolted  together.  This  pulley 
is  strictly  a  manufactured  article,  which  could  not  compete  with  the 
simpler  forms  unless  built  in  large  quantities,  enabling  automatic 
machinery  to  be  used.  Large  numbers  of  pulleys  are  built  in  this 
way,  and  are   put  on  the  market  at  reasonable  prices. 

Wood-rim  pulleys  have  been  made  for  many  years,  and, 
except  for  their  clumsy  appearance,  are  excellent  in  many  respects. 
The  rim  is  built  up  of  segments  in  much  the  same  way  as  an  ordi- 
nary pattern  is  made,  the  segments  being  so  arranged  that  they 
will  not  shrink  or  twist  out  of  shape  from  moisture.  The  hubs 
may  be  of  cast  iron,  bolted  to  wooden  webs,  and  carrying  hard- 
wood split  bushings,  which  may  be  varied  in  bore  within  certain 
limits  so  as  to  tit  different  sizes  of  shafting.  The  wooden  pulley 
is  readily  and  most  often  used  in  the  split  form,  thus  enabling  it 
to  be  put  in  position  easily  at  any  point  of  a  crowded  shaft.  It  is 
often  merely  clamped  in  place,  thus  avoiding  the  use  of  keys  or 
set  screws,  and  not  burring  or  roughening  the  shaft  in  any  way. 

PROBLEMS  ON  PULLEYS. 

1.  Calculate  the  tensile  stress  due  to  centrifugal  force  in 
the  rim  of  a  cast-iron  pulley  30  inches  in  diameter,  at  500  revolu- 
tions per  minute. 

2.  The  driving  force  of  a  belt  on  a  30-inch  pulley  is  SOO 
lbs.,  and  the  belt  wrap  about  180  .     Calculate  proportions  of  el- 
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liptical  amis  to  resist  bendin<jr,  the  allowable  fiber  stress  being 
2,000. 

3.  A  pulley  12  inches  in  diameter,  5. inch  web,  4- inch  diam- 
eter hub,  transmits  25  horse-power  at  a  belt  speed  of  3,000  ft. 
per  minute.     Calculate  the  maximum  shearing  stress  in  the  web. 

4.  '  In  Fig.  24  assume  the  following  data:  L,  =  7  inches: 
^2=1  inch;  <^=^1^  inches;/'  3  inches;  area  of  rim  =  8  sq. 
in.;  allowable  tensile  stress  in  rim  1,000  lbs.  per  sq.  in.  Calculate 
the  diameter  of  the  rim  bolts. 

5.  Calculate  the  fiber  stress  in  the  rim  bolt  flange  along  the 
line  of  the  bolts. 

SHAFTS. 

NOTATION— Tho  foHowingr  notation  is  usoil  throuf^hout  tho  chapter  on  Shafts : 


A<,= Angular  deflection  (degrees). 

B  =  Simple  bendinfir  momout  (inch-lbs. )• 

Be=Equivalent  bending  moment  (inch- 
lbs.). 

c  =  Distance  from  neutral  axis  to  outer 
fiber  (Inches). 

dy  do*  d2f  da,  d4= Diameters  of  shaft 
(inches). 

d]=Intemal  diameter  of  shaft  (inches). 

E=  Direct  modulus  of  elasticity  (a 
ratio). 

e  =Transverso  d«»flection  (inches). 

G=Transverse  modulus  of  elasticity  (a 

ratio). 

11= Horse-power  (.33,000  ft.-lbs.  jwr  min- 
ute). 

I  =  Moment  of  inertia. 

K=Distanco  between  bearings  (inches). 


L  =  Length  along  shaft  (inches). 

L],  Lj  =  Length  of  bearings  (inches.) 

M  =  Distance  between  bearings  (feet.) 

N  =Numb6r  of  revolutions  per  minute. 

P  =  Driving  force  of  belt  (lbs.). 
Pi = Load  applied  as  stated  (lbs.). 

R  =  Radius  at  which  load  as  stated  acts 

(inches). 
S  —Fiber   stress,  tension,  compression, 

or  shearing  (lbs.  \)ct  sq.  in.). 
T  =  Simple  twisting  moment  (inch-lbs.). 
To=E(iuivalent  twisting  moment  (inch- 

Ibh.). 
Tn=Tension  in  tight  side  of  bi?lt  (lbs.). 
T,,— Tension  in  loose  side  of  belt  (lbs.). 
W  =  Loa<l  applietl  as  stated  (lbs.). 


ANALYSIS.  The  simplest  case  of  shaft  loading  is  shown  in 
Fig.  26.  The  equal  forces  W,  similarly  applied  to  the  disc  at  the 
distance  R  from  its  center,  tend  to  twist  the  shaft  oif,  the  tendency 
being  equal  at  all  j)oints  of  the  length  L  between  the  disc  and  the 
post,  to  which  the  shaft  is  rigidly  fastened.  The  fastening  to  the 
post,  of  course,  in  this  ideal  case,  takes  the  place  of  a  resisting 
member  of  a  machine.  A  state  of  pure  torsion  is  induced  in  the 
shaft;  and  any  element,  such  as  ca,  is  distorted  to  the  position  eJ, 
tio7j  being  the  angular  deflection  for  the  distance  L. 

The  case  of  Fitj.  27  is  illustrative  of  what  occurs  when  a  belt 
pulley  is  substituted  for  the  simple  disc.  Here  the  twisting  action 
is  caused  by  the  driving  forc^e  of  the  belt,  which  is  Ty  -  T^^  ^=  P, 
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acting  at  the  radius  R,  Torsion  and  angular  deflection  ©xiet  in 
the  shaft,  as  in  Fig.  26.  In  addition,  hoirever,  another  stress  of 
a  different  kind  has  been  introduced;  for  not  only  does  the  shaft 
tend  to  be  twisted  off,  but  the  forces  T„  and  T,, ,  acting  together) 
tend  to  bend  the  shaft,  the  bending  moment  varying  with  every 
section  of  the  shaft,  being  nothing  at  the  point  o,  and  maximum 
at  the  point  c.  This  combined  action  is  the  most  common  ot  any 
that  we  find  in  ordinary  machinery,  occurring  in  nearly  every  caee 
with  which  we  have  to  deal. 

In  Fig.  27,  if  the  forces  T„  and  T„  be  made  eqnal,  there  wiU 
bo  no  tendency  at  all  to  twist  off  the  shaft,  hut  the  bending  will 
remain,  being  maximum  at  the  point  '.\  This  condition  is  illustra- 
tive of  the  case  of  all  ordinary  pins  and  studs  in  machines.  In 
this  sense,  a  pin  or  a  stnd  is  sim- 
ply a  shaft  which  is  fixed  to  th« 
fr.ime  of  the  machine,  there  be- 
ing no  tendency  to  turning  of  the 
pin  or  stud  itstUf.  The  same 
condition  would  be  realized  if 
the  disc  in  Fig.  27  were  loose 
upon  the  shaft.  In  that  case, 
the  bending  moment  would  he 
caused  by  T„  -f  T„  acting  with 
the  leverage  L.  Of  course  there 
wcmid  have  to  bo  some  resistance 
for  Tq-To  to  work  against,  in 
order  tliat  torsion  should  not  be 
transmitted  through  the  shaft. 
This  condition  might  be  intro- 
duced by  having  a  similar  disc 
lock  with  the  first  one  by  means 
ot  lugs  on  its  face,  thus  receiving  and  transmitting  the  torsion. 

If  the  distance  L  Ixjcomes  very  great,  both  the  angular  deflec- 
tion dne  to  twisting,  and  the  sidewise  defit^'tion  due  to  bending, 
become  excessive,  and  not  jH-nnissible  in  good  design.  This 
troable  is  remedied  by  placing  a  bearing  at  some  point  closer  to 
the  disc,  which,  as  it  decreases  L,  of  course,  decreases  the  bending 
moment  and  therefore  the  transverse  deflection.     The  angular  de- 
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>  tlisl  increase  of  diameter  toKin*  iacreue  at  tWi^t 
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twei     twwi,  gs.  ivpn«eDbxl  by  L,  be  very  gival,  tbe  shaft  wiilt^ 

ft        iw  like  a  1k>w  string  wheu  it  is  vihrated,  and  amooth  Mtw" 

eannot  he  niBintainod. 

It  ia  oectifisary  tii  carry  the  cases  of  Fige.  2i;   aiiii  27  but » 


Fig.  27. 

single  step  farther  tu  illustrate  the  actual  working  conditions  o^ 
shafting  in  machines.  Suppose  the  rigid  post  to  bare  the  ehaf' 
passing  clear  through  it,  and  to  act  as  a  bearing,  so  that  tbe  ehaflT 
can  freely  rotate  in  it,  the  resistance  being  exerted  ttomewbere  be- 
yond. The  twisting  moment  will  be  nnchanged,  also  the  bending 
moment;  but  the  effect  of  the  l>ending  moment  will  be  on  each 
particle  of  tbe  shaft  in  succession,  now  putting  compression  on  a 
given  particle,  and  then  tension,  then  compression  again,  and  so 
on,  a  complete  cycle  being  performed  for  each  revolntion.     This 


MACHINE  DESIGN  103 

brings  out  a  very  important  diflFerence  between  the  bending  stress 
in  pins  and  the  bending  stress  in  rotating  shafts.  In  the  one  case 
the  bending  stress  is  non -reversing;  in  the  other,  reversing;  and 
a  much  higher  fiber  stress  is  permissible  in  the  former  than  in  the 
latter. 

THEORY — Simple  Torsion.  In  the  case  of  simple  torsion 
the  stress  induced  in  the  shaft  is  a  shearing  one.  The  external 
moment  acts  about  the  axis  of  the  shaft,  or  is  a  polar  moment; 
hence  in  the  expression  for  the  moment  of  the  internal  forces,  the 
polar  moment  of  inertia  must  be  used.  Now,  from  mechanics  we 
have: 

m       SI 

T  =  — ; 

c 

I       ^ 

and  —  =  -=-^r    (for  circular  section  of  diameter  d)\ 

c        5.1  ^ 

therefore,  T  =  -=-t-'>  (3^) 

from  which  the  diameter  for  any  given  twisting  moment  and  fiber 
stress  can  readily  be  found. 

For  a  hollow  shaft  this  expression  becomes : 

--^-^-  (30 

Simple  Bending.  The  stresses  induced  in  a  pin  or  shaft  under 
simple  bending  are  compression  and  tension.  The  external  moment 
in  this  case  is  transverse,  or  about  an  axis  across  the  shaft;  hence 
the  direct  moment  of  inertia  is  applicable  to  the  equation  of  forces. 

r 

Id'. 
and  —  =  rrr-n  (f^r  circular  section  of  diameter  rf); 

g.73 

therefore,  B  =  jg-^-  (32) 

For  a  hollow  shaft  or  pin  this  expression  becomes: 

B=^{?;.^-        (33) 

Combined  Stresses.     In  the  greater  number  of  cases  met  with 
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in  practice,  we  find  two  or  more  simple  etresses  acting  at  the  same 
time,  and,  although  the  shaft  may  be  strong  enough  for  any  one  of 
them  alone,  it  may  fail  under  their  combined  action.  The  most 
common  cases  are  discussed  below. 

Tension  or  Pressure  Combined  with  Bending.  In  Fig.  28, 
the  load  W  produces  a  tension  acting  over  the  whole  area  of  ^/,  due 
to  its  direct  pull.  It  also  j)roduces  a  bending  action  due  to  the 
leverage  R,  which  puts  the  fibers  at  15  in  tension  and  those  at  the 
opposite  side  in  compression.  It  is  evident,  therefore,  that  by 
taking  the  algebraic  sum  of  the  stresses  at  either  side  we  shall 
obtain  the  net  stress.     It  is  also  evident  that  the  greatest  and 
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w 
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Fig.  28. 


Fifr.  29 


controlling  stress  will  occur  on  the  side  where  the  stresses  add,  or 
on  the  tension  side.      Ili'iice,  from  nu'chanics, 

4W 


or, 


Also, 


or. 


R--     -  . ,     (duo  to  direct  tension).      (S^-) 
S  -    ,  (due  to  bending).       (35) 


Hence  the  combined  tensional  stress  acting  at  the  |)oint  B,  or,  in 
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fact,  at  any  point  on  the  uztreme  outside  of  the  vertical   shaft  to- 
ward the  force  W,  is; 


4W 


d- 


(36) 


If  Waited  in  the  opposite  direction,  the  greatest  stress  wonld 
atill  be  at  the  side  B,  bnt  would  be  a  compression  instead  of  a  ten- 
sion, of  the  same  magnitnde  as  before. 

Tension  or  Compression  Combined  with  Torsion.  In  Fig.  39, 
V  might  be  the  end  load  on  a  vertical  shaft;  and  the  two  forces  W 
Eoight  act  in  conjunction  with  it  as  in  the  case  of  Fig.  3G,  at  the 
radius  R.  This  case  is  not  very  often  met  with.  It  is  asnallj 
possible  to  combine  the  moments,  find  an  equivalent  moment  of  a 
simple  kind,  and  use  the  corres[ionditiir  simple  fiber  stress.  In  the 
case  in  question  we  have  a  dire<?t  stress  to  be  combined  with  a 
shearing  stress,  and  mechanics  gives  us  the  following  solution: 


vv 


rig.  30. 

Let  Sg  =  simple  Bhearing  stress  (lbs.  per  sq  in.). 
Let  Sp  ^  simple  compressive  stress  (lbs.  per  si^.  in.). 
Let  S„--  resultant  shearing  stress  (lbs,  per  sq.  in.). 
I.et  y„^resultant  compressive  stn^ss  (lbs.  per  sq.  in.). 
We  then  have  : 


3WR 


^  5.1  ■ 


5.1(2  WE) 


(37) 


Also, 
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S,  =  ^V.  (38) 

Now,  from  a  solution  given  in  simplest  form  in  ''  Merriman's 
Mechanics" — which  the  student  may  consult,  if  desired — values 
for  the  resultant  stresses  can  be  found.  Whichever  of  these  is 
the  critical  one  for  the  material  used,  should  form  the  basis  for  its 
diameter: 

Srs  =  >|s,M-^'.  (39) 

Also,  s^=-|  +  ^S,«  +  ^.  (40) 

Bending  Combined  with  Torsion.  In  Fig.  30,  the  load  W 
acts  not  only  to  twist  the  shaft  oflF,  but  also  presses  it  sidewise 
against  the  bearing.  As  if  is  usually  customary  to  figure  the 
maximum  moment  as  takintr  place  at  the  center  of  the  bearing, 
the  length  L,  which  determines  the  bending  moment,  is  taken  to 
that  point.  The  theory  of  the  stress  induced  in  this  case  is  com- 
plicated. In  order  to  make  the  magnitude  of  the  moments  clearer, 
let  us  introduce  the  two  equal  and  opposite  forces  F  and  F*,  each 
equal  to  W,  at  the  point  (\  We  can  evidently  do  this  without 
changing  the  equilibrium  of  the  shaft  in  any  way.  We  now  see 
that  AV  and  F'  act  as  a  couple  giving  a  twisting  moment  AVR  ; 
and  that  F  acts  with  a  leverage  L,  ])ro(hicing  a  bending  moment 
FL  r=  WL,  at  the  middle  of  the  bearing. 

If,  now,  we  find  an  ecpiivalent  twisting  moment,  or  an  equiv- 
alent bending  moment,  which  would  produce  the  same  effect  on 
the  fibers  of  the  shaft  as  the  two  combintnl,  we  can  treat  the  cal- 
culation of  the  diameter  as  a  simple  case,  and  proceed  as  in  the 
cases  of  simple  torsion  and  simple  bending  considered  above.  This 
relation  is  given  us  in  mechanics: 


13         I      1 


«" = f  ■•  i  >i  "*  -'■  ^'-     (*'■> 

T,  =  B  H-  ^B'V^  (4a) 


These  expressions  are  true  in  relation  to  each  other,  on  the  assump- 
tion  that  the  allowable  filx^r  stress  S  is  the  same  for  tension,   com- 
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pressioD,  and  shearing.  FoT  the  material  of  which  shafts  are  usu- 
ally made,  this  is  near  enough  to  the  truth  to  give  safe  and  practi- 
cal results.  Using  the  expressions  for  internal  moments  of  resist- 
ance as  previously  noted  for  circular  sections,  we  then  have  : 

Be  =  i0:5-  U3) 

Also,  ^"""Ki"  ^^^^ 

Either  equation  may  be  used  ;  the  diameter  d  will  result  the  same 
whichever  equation  is  taken.  For  the  sake  of  simplicity,  equation 
42  is  generally  preferred,  equation  44  being  taken  in  conjunction 
with  it. 


The  expression  VW-\-T^  is  one  that  would  be  a  long  and 
tedious  task  to  calculate.  By  inspection  it  is  readily  seen  that 
this  quantity  can  be  graphically  represented  by  means  of  a  right- 
angled  triangle  having  B  and  T  as  the  sides.  We  may  then  lay 
down  on  a  piece  of  paper,  to  some  convenient  scale,  the  moments 
B  and  T  as  the  sides  of  a  right-angled  triangle,  when,  upon 
measuring  the  hypothenuse,  we  can  easily  read  off  to  the  same 

scale  \/W  -\-  T\  Even  if  the  drawing  is  made  to  a  small  scale, 
the  accuracy  of  the  reading  will  be  sufficient  to  enable  the  value 
for  rf  to  be  solved  very  closely.  This  graphical  method  is  illus- 
trated in  Part  I. 

Deflection.  For  a  shaft  subjected  to  pure  torsion,  as  in  Fig. 
26,  the  angular  deflection  due  to  the  load  n)ay  be  carried  to  a  cer- 
tain point  before  the  limit  of  working  fiber  stress  is  exceeded. 
The  equation  worked  out  from  mechanics  for  this  condition,  is: 

v>       384  TL  ,.    . 

A   =  -j^^  (45) 

which  at  once  gives  the  number  of  degrees  of  angular  deflection 
for  a  shaft  whose  modulus  of  elasticity,  torsional  moment,  and 
length  are  known. 

The  shearing  modulus  of  elasticity  of  ordinary  shaft  steel  runs  from 
10,000,000  to  13,000,000,  giving  as  an  average  about  12,000,000. 

By  the  well-known  relation  of  '*  1  lookers  law  "  (stresses  pro- 
portional to  strains  within  the  elastic  limit  of  the  material),  we  have: 
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A° 

SL 

• 

360° 

wGrf' 

S: 

^ 

AirGd 

or  S=^60Tr-  (4^) 

A  twist  of  one  degree  in  a  length  of  twenty  diameters  is  a 
nsual  allowance.  Substituting  A  =  1,  L  =^  20d,  and  G  =  12,000, 
000,  we  have: 

S  =  5,240  (nearly).  (47) 

This  is  a  safe  value  for  shearing  fiber  stress  in  steel.  In  fiict,  in 
calculations  for  strength,  even  for  reversing  stresses,  the  usual 
figure  is  8,000  (lbs.  per  square  inch),  thus  indicating  that  the  re- 
lation of  one  degree  to  twenty  diameters  is  well  within  the  limit 
of  strength. 

For  a  hollow  shaft  the  above  formula  becomes  : 

_     584  TL  g. 

Transverse  deflection  occurs  when  the  shaft  is  subjected  to  a 
bending  moment.  It  may  therefore  exist  alone  or  in  conjunction 
with  angular  deflection.  Transverse  deflection  of  shafts,  however. 
rarely  exists  up  to  the  jR>int  of  limiting  fiber  stress,  because  before 
that  point  is  reached  the  alignment  of  the  shaft  is  so  disturbed 
that  it  is  not  ])ractieable  as  a  deviee  for  transmitting  power.  A 
transverse  detleetion  of  .01  inch  per  foot  of  length  is  a  common 
allowance  ;  hut  it  is  impossible  to  fix  any  general  limit,  as  in  many 
cas^s  this  ficrure,  if  exceeded,  would  do  no  harm,  while  in  others — 
such  as  heavily  loaded  or  high-sj)eed  bearings — even  the  figure 
given  might  be  fatal  to  good  operation. 

The  formula  for  transverse  deflection,  deduced  from  mechan- 
ics, varies  with  the  system  of  loadint;.  The  three  most  common 
conditions  only  are  given  below,  reference  to  the  handbook  being 
necessary  if  other  conditions  must  he  satisfied: 


Fixt'il  at  oue  oud,  loaded  at  the  other, 


(49) 
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i^upporteil  at  ends,  loaded  in  middle, 


e  = 


48  EI 

Supported  at  ends,  loaded  unifonnly, 

5WL' 


(SO) 


e  = 


384  EI 


(SI) 


For  transverse  deflection  the  direct  modulus  of  elasticity  must 
be  used,  for  the  fibers  are  stretched  or  compressed,  instead  of  being 
subjected  to  a  shearing  action.     The  most  usual  value  of  the  di- 
rect  modulus  of  elasticity  for  ordinary  steel  is  30,000,000,  and  is 
denoted  in  most  books  by  the  symbol  E.     Both  the  shearing  and 
direct    moduli  of  elasticity  are  really  nothing  but  the  ratio  of  the 
stress  to  the  strain  produced  by  that  stress,  it  being  assumed  that 
the  piven  material  is  perfectly  elastic.     A  material  is  supposed  to 
be  perfectly  elastic  up  to  a  certain  limit  of  stress,  and  it  is  within 
this  limit  that  the  relation  as  above  holds  good. 

Expressed  in  the  form  of  an  equation  this  would  be  : 

T.  S  SL  ,      . 

L 

Centrifugal  Whirling.  If  a  line  shaft  deflect  but  slightly, 
due  to  its  own  weight,  or  the  weight  or  pressure  of  other  bodies 
upon  it,  and  then  be  run  at  a  high  s[)ee(l,  the  centrifugal  force  set 
up  increases  the  deflection,  and  the  shaft  whirls  about  the  geomet- 
rical line  through  the  centers  of  the  bearings,  causing  vibration 
and  wear  in  the  adjoining  members.  It  is  evident  that  the  prac- 
tical remedy  for  this  tendency  in  a  shaft  of  given  diameter  and 
speed  is  to  locate  the  bearings  sufliciently  close  to  render  the  action 
of  8«iall  effect. 

Many  formulae  might  be  given  for  this  relation,  each  being 
based  on  different  assumptions.  Perhaps  as  widely  applied  and 
as  simple  as  any,  is  the  '*  Rankine"  formula,  which  sets  the  limit 
of  length  between  bearings  for  shafts  not  greatly  loaded  by  inter- 
mediate pulleys  or  side  strains  : 

M  =  175    ^  4-  (53) 
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Horse-Power  of  Shafting.  Horse-power  is  a  certain  specific 
rate  of  doing  work,  viz.^  33,000  foot-pounds  per  miniite.  Hence, 
to  find  the  horse- power  that  a  shaft  will  transmit,  w<i  must  first 
find  the  work  done,  and  then  relate  it  to  the  speed.  Take,  for  ex- 
ample, the  case  of  a  pulley,  the  symbols  l>eing  the  same  as  before 
— namely,  P  =  driving  force  at  rim  of  pulley  (lbs.);  R  =  radius 
of  pulley  (inches);  N  =  number  of  revolutions  {)er  minute;  and 
H  =  horse-powder.     Then, 

Work  =  force  X  distance  --  P  X  (2  7r  RN)  =  II  X  33,000  X  12; 

03,02511  .      . 

(54) 


PR 


N 


Tliis  is  one  of  the  most  useful  ecjuations  for  calculations  involving 
horse-power.  Py  it  tlie  number  of  inch-pounds  torsion  for  any 
horse-power  can  be  at  once  ascertained. 

It  sliould  be  clearly  noted,  however,  that  in  this  equation  the 
bending  moment  does  not  enter  at  all.  Hence  any  shaft  based  in 
size  on  horse -poicer  aJonv^  is  based  on  Uwsional  moment  alon4f^ 
l>ending  moment  being  entirely  neglected.  In  many  cases  the 
bending  moment  is  the  controlling  one  as  to  limiting  fiber  stress. 
Hence  empirical  shafting  formula?  depending  upon  the  horse- 
power relation  are  unsafe,  unless  it  is  definitely  known  just  what 
torsional  and  bending  moments  have  been  assumed. 

The  only  safe  way  to  fitjure  the  size  of  a  shaft  is  to  find 
accurately  what  torsional  moment  and  bending  moment  it  has  tc 
sustain,  and  then  combine  them  according  to  equation   41  or  42 
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introdncing  the  element  of  speed  as  basis  for  assumption  of  a  high 
or  low  working  fiber  stress. 

PRACTICAL  MODIFICATION.  The  practical  methods  of 
handling  the  theoretical  shaft  equations  have  reference  to  the  fit  of 
the  shaft  within  the  several  pieces  upon  it.  The  running  fit  of  a 
shaft  in  a  bearing  is  usually  considered  to  be  so  loose  that  the  shaft 
could  freely  deflect  to  the  center  of  the  bearing.  This  is  doubtless 
an  extreme  view  of  the  case,  but  it  is  the  only  safe  assumption. 
Hence  a  shaft  running  in  bearings  (see  Fig.  31)  is  supposed  to  be 
supported  at  the  centers  of  those  bearings,  and  its  theoretical 
strength  is  based  on  this  supposition. 

For  a  tight  or  driving  fit  upon  the  shaft,  a  safe  assumption  to 
make  is  that  there  is  looseness  enough  at  the  ends  of  the  fit  to  per- 
mit the  shaft  to  be  stressed  by  the  load  a  short  distance  within  the 
faces  of  the  hub,  say  from  ^  inch  to  1  inch.  For  example,  refer- 
ring to  Fig.  31,  suppose  P,  to  be  the  transverse  load,  exerted 
through  a  hub  fast  upon  the  part  of  the  shaft  d^.  Taking  mo- 
ments about  the  center  of  one  bearing,  and  solving  for  the  reaction 
at  the  center  of  the  other,  we  have  : 

P,  t^=  R,  K; 

Also,  P,  ^  =  R,  K; 

R,  =  ^^-  (56) 

Now,  as  far  as  the  part  of  shaft  ^3  is  concerned,  it  may  depend  for 
its  size  on  the  bending  moment  R^  5,  or  on  R,  a.  The  reason  the 
lever  arm  is  not  taken  to  the  point  directly  under  the  load  P,,  is 
because  it  is  not  practically  possible  to  break  the  shaft  at  that 
point,  on  account  of  the  reinforcement  of  the  hub,  which  is  tightly 
fitted  upon  it.  Trying  these  moments  to  see  which  is  the  greater, 
we  shall  find  that  the  greater  moment  always  occurs  in  connection 
with  the  longer  lever  arm.  Hence  R^  h  will  be  greater  than  R,  a. 
We  then  write  the  equation  of  extetmal  rnoment  =  internal  mo- 
ment: 
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f 


'110.2  ll,b.  .. 

or,  d,  =  ^j g-^  •  (57) 

For  the  size  of  bearing  A  we  have  the  maximum  bending  mo. 
ment: 

^  2  "To:?' 


or, 


..^.^j'^^.  (58) 

For  the  size  of  bearincr  B  we  have  the  maximum  moment: 

L.      S  d,' 
-'  2  "~  10.2  ' 


or,  d. 


-  i-^'--  <^») 


The  above  calculations  are,  of  course,  on  ihe  assumption  that  no  torsion 
is  transmitted  either  way  through  this  kxle.  We  should  in  that  case  have 
combined  torsion  and  bending.  This  has  been  made  sufficiently  clear  in  pre- 
ceding paragraphs  and  in  Part  I,  to  require  no  further  illustration. 

The  dotted  line  in  Fig.  31  shows  the  theoretical  shape  the 
axle  should  take  under  the  assumed  conditions.  The  practical 
modification  of  this  shape  is  obvious.  At  the  shoulders  of  the 
shaft  the  corners  should  not  be  sharp,  but  carefully  filleted,  to 
avoid  the  possible  starting  of  a  crack  at  those  points. 

Often  the  diameter  of  certain  parts  of  a  shaft  may  be  larger 
than  strength  actually  calls  for.  For  example,  in  Fig.  31,  the 
part  c?3  need  only  be  as  large  as  the  dotted  line;  but  it  is  obvious 
that  unless  the  key  is  sunk  in  the  body  of  the  shaft,  the  hub  could 
not  be  slipped  into  place  over  the  ])art  (/^,  If,  however,  the  diam- 
eter ^3  be  made  large  enough  so  that  the  bottom  of  the  key  will 
clear  d^^  the  rotary  cutter  which  forms  the  key  way  in  fl^  will  also 
clear  d^^  and  the  key  way  can  be  more  easily  produced. 

In  cases  where  fits  are  not  required  to  be  snug,  a  straight 
shaft  of  cold-rolled  steel  is  commonly  used.  Here  any  parts  fast- 
ened on  the  middle  of  the  shaft  have  to  be  driven  over  a  consider- 
able length  of  the  shaft  before  they  reach  their  final  position. 
Moreover,  there  is  no  definite  shoulder  to  stop  against,  and  meas- 
urement has  to  be  resorted  to  in  locating  them. 
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It  does  not  pay  to  turn  any  portion  of  a  cold-rolled  shaft,  un- 
less  it  be  the  very  ends,  for  relieving  the  "skin  tension  "  in  such 
material  is  sure  to  throw  the  shaft  out  of  line  and  necessitate 
subsequent  straightening. 

Turned-steel  shafts  for  machines  may  with  advantage  be 
slightly  varied  in  diameter  wherever  the  fit  changes;  and  although 
the  production  of  shoulders  costs  something,  yet  it  assists  greatly 
in  bringing  the  parts  to  their  exact  location,  and  enables  the  work- 
man to  concentrate  his  best  skill  on  the  fine  bearincr  fits,  and  to 
save  time  by  rough-turning  the  parts  that  have  no  fits. 

Hollow  shafts  are  practicable  only  for  large  sizes.  The  advan- 
tages of  removing  the  inner  core  of  metal,  aside  from  some  specific 
requirement  of  the  machine,  are  that  it  eliminates  all  possibility  of 
cracks  starting  from  the  checks  that  may  exist  at  the  center,  per- 
mits inspection  of  the  material  of  a  shaft,  and,  in  case  of  hollow- 
forged  shafts,  gives  an  opening  for  the  forging  mandrel.  In  the 
last  case,  the  material  is  improved  by  a  rolling  process. 

The  material  most  common  for  use  in  machine. shafting  is  the 
ordinary  "  Machinery  Steel,"  made  by  the  Bessemer  process.  This 
steel  is  apt  to  be  "seamy,"  and  often  contains  checks  and  flaws 
that  are  detected  only  upon  sudden  and  unexpected  breakage  of  a 
part  apparently  sound.  This  characteristic  is  a  result  of  the  proc- 
ess employed  in  the  manufacture  of  the  steel,  and  thus  far  has 
never  been  wholly  eliminated.  Bessemer  steel  is,  nevertheless,  a 
very  useful  material,  and  the  above  weakness  is  not  so  serious  but 
that  this  kind  of  steel  can  be  used  with  success  in  the  great  majority 
of  cases.   - 

When  a  more  homogeneous  shaft  is  desired,  open-hearth  steel 
is  available.  This  is  a  more  reliable  material  to  use  than  the  Bes- 
semer, and  costs  somewhat  more.  It  makes  a  stiff,  true,  fine-sur- 
faced shaft)  high-grade  in  every  respect.  It  is  usually  s[)ecified 
for  armature  shafts  of  dynamos  and  motors. 

Steels  of  special  strength,  toughness,  and  elasticity  are  made 
under  numerous  processes.  Nickel  steel  is  perha{)S  the  most  con- 
spicuous example.  While  for  this  steel  a  InVh  ])rice  has  to  be 
paid,  yet  its  great  strength,  in  connection  with  other  valuable  qual- 
ities,  makes  it  a  material  extremely  valuable  for  service  where  light 
weight  is  essential,  or  where  contracted  space  demands  small  size. 
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The  range  of  strength  of  these  various  steels  (s  so  great  that  it  is  welJ- 
nigh  useless  to  go  into  a  discussion  of  it  here.  Reference  should  be  liad  to 
the  extended  discussions  of  the  handbooks,  and  to  special  trade  pamphlets. 
A  study  of  the  possibilities  of  steel  in  its  various  forms  for  use  in  shafting, 
is  very  valuable  as  a  basis  for  design,  as  it  can  almost  be  said  that  a  machine 
consists  chiefly  of  a  ** collection  of  shafts  with  a  structure  built  round  them.'* 
The  shafts  are  like  a  core,  and  evidently  the  size  of  the  core  determines  the 
shell  about  it. 

PROBLEHS  ON  SHAFTS. 

1.  Required  the  twisting  moment  on  a  shaft  that  transmits 
30  horse-power  at  120  revolutions  per  minute. 

2.  Find  the  diameter  of  a  steel  shaft  designed  to  transmit  50 
horee-power  at  150  revolutions  per  minute. 

3.  Assuming  same  data  as  in  Problem  1,  find  the  diameters 
of  a  hollow  shaft  for  a  value  of  S  =  8,000. 

4.  A  belt  on  an  idler  pulley  embraces  an  angle  of  120 
degrees.  Assuming  tension  of  belt  1,000  pounds  on  each  side, 
and  pulley  located  midway  between  bearings,  which  are  30  inches 
from  center  to  center,  what  is  the  diameter  of  shaft  required  ? 

5.  Calculate  the  diameter  of  a  steel  shaft  designed  to  transmit 
a  twisting  moment  of  400,000  inch- pounds  and  also  to  take  a 
bending  moment  of  300,000  inch-pounds. 

6.  Find  the  angular  deflection  in  a  4-inch  shaft  20  feet  long 
when  subjected  to  a  load  of  5,500  pounds  applied  to  an  arm  of 
30-inch  radius.  Assume  transverse  modulus  of  elasticity  e<jual  to 
12,000,000. 

7.  The  overhunrr  crank  of  a  steam  en(£ine  has  a  force  of 
32,000  lbs.  at  the  center  of  the  crank  ])in,  which  is  12  inches  from 
the  center  of  the  shaft  bearing,  measured  [)anillei  to  the  shaft. 
The  radius  of  crank  arm  is  10  inches.  Assume  S  equal  to  10,000. 
Calculate  the  diameter  of  the  crank  shaft. 

8.  On  a  short,  vertical  steel  shaft  the  load  is  5,000  pounds. 
A  gear,  30  teeth,  li  diametral  pitch,  at  top  of  shaft,  transmits  a 
load  of  4,000  pounds  at  the  pitch  line.  Safe  shear  =  7,500.  What 
is  the  diameter  of  the  shaft  ? 

SPUR  GEARS. 

NOTATION— The  following  notation  Is  used  throughout  the  chapter  on  Spur  Gears: 

6  =  Breadth  of  rectangular  section  of       M.  Mi = Revolutions  jwr  minute. 

arm  (Inches).  ^=Coemcient  of  friction  between  teeth. 
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C  =  width   of  arm   extended  to  pitch 

line  (inches), 
e  =  Distance  from  neutral  axis  to  outer 

fiber  (inches). 
D= Pitch  diameter  of  gear  (Inches). 
F=Face  of  gear  (inches). 
f  =C!learance     of     tooth    at     bottom 

(Inches). 
G=Thickness  of  arm  extended  to  pitch 

line  (inches). 
H=Thickness  of  tooth  at  any  section 

(inches). 
K  —  Depth  of  rectangular  section  of  arm 

(Inches). 
I  =  Moment  of  Inertia. 
K= Thickness  of  rim  (inches). 
Li=  Distance  from  top  of  tooth  to  any 

section  (inches). 


N= Number  of  teeth, 
n  =  Number  of  arms. 
P= Diametral  pitch  (teeth  per  inch  of 

diameter). 
P>  =ClrcuIar  pitch  (Inches). 
Q,Qi= Normal  pressure  between  teeth 

(lbs.). 
R,Ri= Resultant      pressure      between 

teeth  (lbs.), 
r,  ri  =  Radius  of  pitch  circles  (inches). 
S=  Fiber  stress  of  material  (lbs,  per 

sq.  in.). 
«  =  Addendum   of   tooth  (inches)  =:De- 

dendum  of  tooth. 
i  =Thickncss  of  tooth   at  pitch  line 

(Inches). 
W=Lioad  at  pitch  line  (lbs.). 
y  =CoefBclent  for  "  Lewis  *'  formula. 


ANALYSIS.  If  a  cylinder  be  placed  on  a  plane  surface,  with 
its  axis  parallel  to  the  plane,  an  attempt  to  rotate  the  cylinder 
about  its  axis  would  cause  it  to  roll  on  the  plpne. 

Again,  if  two  cylinders  be  provided  with  axial  bearings,  and 
be  slightly  pressed  together,  motion  of  one  about  its  axis  will 
cause  a  similar  motion  of  the  other,  the  two  surfaces  rolling  one 
on  the  other  at  their  common  tangent  line.  If  moved  with  care, 
there  will  be  no  8li[)ping  in  either  of  the  above  cases — which  is 
explained  by  the  fact  that  no  matter  how  smooth  the  surfa(ies  may 
appear  to  be,  there  is  still  sufficient  roughness  to  make  the  little 
irregularities  interl(x;k  and  act  like  minute  teeth. 

The  magnitude  of  the  force  possible  to  be  transmitted  de- 
pends not  only  on  the  roughness  of  the  surfaces,  but  on  the 
amount  of  pressure  between  them.  Supj)Ose  that  one  cylinder  is 
a  part  of  a  hoisting  drum,  on  which  is  wound  a  rope  with  a  weight 
attached.  We  can  readily  make  the  weight  so  great  that,  no  mat- 
ter how  hard  we  press  the  two  cylinders  together,  the  driving 
cylinder  will  not  turn  the  hoisting  cylinder,  but  will  slip  past  it. 
If  now,  instead  of  increasing  the  pressure,  which  is  detrimental 
both  to  cylinders  and  bearings  of  same,  we  increase  the  coarseness 
of  the  surfaces,  or,  in  other  words,  ])ut  teeth  of  appreciable  size 
on  these  surfaces,  we  attain  the  desired  result  of  j)()8itively  driving 
without  excessive  side  pressure. 

These  artificial  projections,  or  teeth,  must  fit  into  one  another; 
hence  the  surfaces  of  the  original  cylinders,  having  been  broken 
up  into  alternate  projections  and  hollows,  have  entirely  disap- 
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peered  to  the  eye;  they  nevertheleBs  exist  as  ideal  or  ima^iaij 
sor&cee,  which  roll  together  with  the  eanie  anrface  velocitiea  ti  if 
in  bodily  form,  provided  that  the  carvea  oF  the  teeth  are  comedy 
formed.  Several  mathematical  curves  are  available  for  on  a 
tooth  outlines,  but  in  practice  the  Involute  and  cycMdal  cum 
are  the  only  ones  osed  for  this  purpose. 

The  ideal  Bnr&tces  are  koowo  as  pitch  flinders  or  pttk 
circles.  la  Fig.  S2  ia  shown  an  end  viewof  sncb  a  pairofc^lii- 
dera  in  contact  at  their  pitch  point  P.  In  gear  cdcnlattoni  n 
assome  that  there  is  no  slip  between  the  pitch  circles,  actiag  u 
driving  cylinders;  hence  the  speeds  of  the  two  pitch  drcleflttdis 


Fig.  32. 

pitch  jtoiiit  are  eqiiiil.     If  M  and  Mj  be  tbo  n^volutioii!)  jier  inin*^ 
of  till'  cylindtTs  reajmctively,  r  and  >\  tlieir  nidii,  then 

^-f  (60) 

Thiit  is,  till)  number  of  revolutiona  varies  inversely  ag  the  radii. 

The  simple  calculation  as  above  is  the  key  to  all  oalculalion. 
iiivolviiiir  ffear  trains  in  reference  to  their  sfjeed  ratio. 

Fii;.  33  rt'preseiita  cycloidal  tfeth  in  the  two  extreme  positioni 
of  bejiinninji;  and  ending  contact.  The  normal  pressure  Q  or  Q 
between  the  tt-eth  in  eacli  position  acts  through  the  piteh  point  0 
as  it  ninst  always  do  in  order  to  insuro  the  condition  of  ideal  roll 
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ing  of  the  pitch  circles,  and  the  velocity  ratio  proportional  to  — - 

As  the  surfaces  of  the  teeth  slide  together,  f fictional  resistance  is 
produced  at  their  point  of  contact.  This  force  is  widely  variable, 
depending  on  the  material  and  condition  of  the  tooth  surfaces, 
whether  smooth  and  well  lubricated,  or  rough  and  gritty.  As  this 
resistance  acts  in  conjunction  with  the  normal  force  between  the 
teeth,  we  may  construct  a  parallelogram  of  forces  on  these  two  as 
a  base,  the  resultant  pressure  between  the  teeth  being  slightly 
changed  thereby,  as  shown  in  Fig  33. 

Assuming  a  coefficient  of  friction  /Lt,  the  force  of  friction  is  /i  Q  or  /Jt  Qi 
and  the  resultant  pressure  R  or  Ri. 

Tooth  B  of  the  follower  is  therefore  under  a  heavy  bendinpf  moment 
measured  by  the  product  RL,  L 
being  the  perpendicular  distance 
from  the  center  of  the  tooth  at 
its  base  to  the  lino  of  the  force. 
This  tooth  also  has  a  relatively 
small  compressive  stress  duo  to 
the  resolved  part  of  R  along  the 
radius,  and  a  relatively  small 
shearing  stress  due  to  the  re- 
solved part  of  R  along  a  tangent 
to  the  pitch  circle. 

Tooth  D  of  the  driven  wheel 
or  FOLLOWER  has  a  relatively 
largo  shearing  streas  a  small 
bending  moment,  and  practi- 
cally no  direct  compressive 
stress. 

Tooth  A  of  the  driving  wheel 
or  DRIVER  has  a  relatively  large 
shearing  stress,  a  small  bending  moment,  and  small  compressive  stress. 

Tooth  C  of  the  driver  has  a  large  bending  moment,  but  small  com 
pressive  and  shearing  stresses. 

The  conditions  as  noted  above  are  not  those  of  every  pair  of 

gears,  in  fact  they  vary  with  every  difference  of  pitch  circle,  or  of 
detail  and  position  of  tooth.  It  is  true,  however,  that  in  nearly 
all  cases  in  practice  the  bending  stress  is  the  controlling  one  from 
a  theoretical  standpoint.  Moreover,  the  designer  must  consider 
the  form  and  strength  of  the  tooth  when  it  is  under  the  condition 
of  maximum  moment.  This  evidently,  from  the  above,  occurs  at 
the  beginning  of  contact,  for  the  follower  teeth;  and  at  the  end  of 
contact,  for  the  driver  teeth.     In  the  particular  case  illustrated  in 
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Fig.  33,  if  the  material  in  both  gears  were  the  satiitt,  tooth  C, 
being  the  weaker  at  the  root,  would  probably  break  before  B;  but 
if  C  were  of  steel,  and  B  of  cast  iron,  B  might  break  lirst. 

It  will  be  noticed  that  R  ia  nearly  parallel  to  the  top  of  the 
tooth;  and  it  may  easily  happen  that  the  friction  may  become  of 
such  a  value  thitt  it  will  turn  tlie  direction  of  R  until  it  lies  along 
the  top  of  the  tooth  exactly,  which  is  the  condition  for  maximum 
moment.  For  streugth  calculations  it  is  usual  to  consider  this 
condition  as  existing  in  all  cases. 

At  the  beginning  of  contact  there  is  more  or  less  shock  when 
the  teeth  strike  together,  and  this  effect  is  much  more  evident  at 
high  speeds.  There  is  also  at  the  beginning  of  contact  a  sort  of 
chattering  action  as  the  driving  tooth  rubs  along  the  driven  tooth. 

Uniform  distribution  of  pressure  along  the  face  of  the  tooth  is 
often  ini[)aii-ed  by  uneven  wear  of  the  hearings  supporting  the  gear 
shafts,  the  pressure  being  localized  on  one  corner  of  the  tooth.  The 
aameeffect  is  caused  by  the  accidental  presence  of  foreign  material 
between  the  teeth.  Again,  in  cast  gearing,  the  sjwteing  may  be 
irregular,  or,  on  account  of  draft  on  the  jwitterii,  the  teeth  may  bear 
at  the  high  points  only.  While  it  is 
usual  to  consider  that  the  load  is  evenly 
distributed  along  the  face  of  the  tootli, 
yet  the  above  considerations  show  Ihiit 
an.  iimplo  marijin  of  ftnuijth  munt  uf- 
Viii/x  he  allowd  on  jiccount  tif  the 
uncertainties. 

When  the  number  of  teetli  in  llie 
mating  gears  is  high,  the  load  will  Ixt 
distributed  between  several  teeth  ;  but, 
as  it  is  almost  certain  that  at  some  time 
the  proper  distribution  of  load  will  not 

exist,  and  that  one  tootli  will  receive  the  full  liiiid,  it  is  considered 
that  practically  the  cmly  safe  method  is  so  to  design  the  teeth  that 
a  single  tooth  may  Iw  relie<l  u]ion  to  withstand  the  full  load  without 
failure, 

THEORY.  Based  on  the  Analysis  as  given,  the  theory  of  gear 
teeth  assumes  that  one  t{>otli  takes  the  whole  load,  and  that  this  load 
isevenly  distributed  along  the  top  of  the  tooth  and  acts  parallel  with 
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?t8  base,  thus  reducing  the  condition  of  the  tooth  to  that  of  a 


L.  •  •(>    vaocy     lAjuo     A^vauvyiij^ 


omtilever  beam.  The  magnitude  of  this  load  at  the  top  of  the 
tooth  is  taken  for  convenience  the  same  as  the  force  transmitted  at 
the  pitch  circle.  This  condition  is  shown  in  Fig.  34.  Equating 
the  external  moment  to  the  internal  moment,  we  then  have,  from 
mechanics: 

^^^^        SI        SFIP  ..  . 

WL  =  -  =  -g-.  (6i) 

The  thickness  H  is  usually   taken  either  at  the  pitch   line  or  at 

tie  root   of  the  tooth    just   before  the  fillet  begins;    and  L,  of 

coarse,  is  dependent  on  the    tooth  dimensions.     The  formula   is 

most  readily  used  when  the  outline  of  the  tooth  is  either  assumed 

or  known,  a  trial  calculation  being  made  to  see  if  it  will  stand  the 

load,  and  a  series  of  subsequent  calculations  followed  out  in  the 

same  way  until  a  suitable  tooth  is  found.     This  method  is  pursued 

because  there  are  certain  even  pitches  which  it  is  desirable  to  use; 

and  it  is  safe  to  say  that  any  calculation  figured  the  reverse  way 

would  result  in  fractional  pitches.     The  latter  course  may  be  used, 

however,  and  the  nearest  even  pitch  chosen  as  the  proper  one. 

As  stated  under  ''Analysis,"  there  are  a  great  many  circum- 
stances attending  the  o])eration  of  gears  which  make  impossible 
the  purely  theoretical  application  of  the  beam  formulae.  For  this 
reason  there  is  no  one  element  of  machinery  which  depends  so 
much  on  experience  and  judgment  for  correct  proportion  as  the 
tooth  of  a  gear.  Hence  it  is  true  that  a  rational  formula  based  on 
the  theoretical  one  is  really  of  the  greater  practical  value  in  tooth 
design. 

If  we  examine  formula  01,  we  find  that  in  a  form  solved  for 
AV,  we  have: 

W  =  -^^^  (62) 

Of  these  quantities,  II  and  L  are  the  only  variables,  for  we  can 
make  the  others  what  we  choose.  II  and  L  depend  upon  the 
circular  pitch  P*  and  the  curvature  and  outline  of  the  tooth.  If 
now  we  could  settle  on  a  standard  system  of  teeth,  we  could  estab- 
lish a  coeflScient  to  be  used  to  take  the  place  of  the  variable  part 
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of  II  and  L,  which  depends  on  the  outline  of  tooth,  and  we  should 
thus  have  an  empirical  formula  which  would  be  on  a  theoretical 
basis. 

This,   Mr.   Wilfred  Lewis  has  done;    and  it  is    safe  to  say 
that  this  formula  is  more  universally  used  and  with  more  satis- 

.__  t 

-^ "  id 


Pig.  :J5. 

factory  practical  results  than  any  other  formula,  theoretical  or 
practical,  that  has  ever  been  devised.  His  coeflScient  is  known  as 
y,  and  was  determined  from  many  actual  drawings  of  different 
forms  of  teeth  showinjx  the  weakest  section.  This  coeflScient  is 
worked  oiit  for  the  three  most  common  systems  as  follows: 

(63) 


For  20Mnvolute,     y -=  0.154   - 


N 


For  15   involute         _   /><.)j        0.084 
and  cycloidal,     ■'''         '  "      '    "^ 


For  radiiil  flanlvH,   1/  r=  0.075 


0.270 


N 


(64) 
(65) 


The  tooth  upon  which  the  above  ie  based  is  the  Ameriean  standard  or 
Brown  &  Sharpe  tooth,  for  which  the  proportions  are  sliown  in  Fig.  35. 

The  "'  Lewis  ''  formula*  is: 

W  ---  SP'  F//.  (66) 

A  table  indicating  the  value  of  S  for  diiferent  speeds  follows: 

Safe  Working  Stresses  for  Different  Speeds. 

IKK) 


speed  of  teeth, 
ft.  per  min. 

Cast  iron 


100 


200 


8000  !  GOOO 


m)   I   ()00 
48(M)  I  4(KK)  1  HOO;) 


1200  1800!  2400 


2400  i  2000  I  1700 


Stofd 


2(K)00  i   irKKK)  !  120(X)  i   KKKX)  I  7r)(K)  '  6000  I  5000  !    4300 


*NoTK.      A    full   and   convenient   statement   of   the   Lewis   formula    will 
be  found  in  "Kent 's  Pocket  Book.  " 
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A  usnal  relation  of  F  to  P'  is: 


For  cast  teeth,  F  =  2P»  to  SPi. 
For  cut  teeth,  F  =  3Pi  to  iPK 


(66) 
(67) 


The  usual  uiethod  of  handling  these  formulae  is  as  follows: 

The  pitch  circles  of  the  proposed  gears  are  known  or  can  be  assumed; 
hence    W   can   readily  be  figured,  also  the  speed  of  the  teeth,  whence  S  can 
be  read   from  the  table.     The  desired  relation  of  F  to  P'  can  be  arbitrarily 
chcHien,    wheu   i*^  and  y  become  the  only  unknown  quantities  in  the  equation. 
A  shrewil  guess  can  be  made  for  the  number  of  teeth,  and  y  calculated  there- 
from.     Then  solve  the  equation  for  P^  which  will  undoubtedly  be  fractional. 
Choose   the  nearest  even  pitch,  or,  if  it  is  desired  to  keep  an  even  diametral 
pitch,    the    fractional   pitch   that   will   bring  an  even   diametral  pitch.     Now, 
fr^^m    this    final  and   corrected  pitch,   and   the  diameter   of   the  pitch   circle, 
calculate  the  number  of  teeth  N  in  the  gear.     Check  the  assumed  value  of  y 
by  this  positive  value  of  X. 

Another  good  way  of  using  this  formula  is  to  start  with  the 
pitch  and  face  desired,  and  the  diameter  of  the  pitch  circle.     In 


Fig.  37. 


this  case  W  is  the  only  unknown  quantity,  and  when  found  can  bo 
eomftfired  with  the  load  required  to  be  carried.  If  too  small, 
luake  another  and  successive  calculations  until  the  result  approxi- 
mates the  required  load. 

SPUR  GEAR  Rin,  ARIIS,  AND  HUB. 

ANALYSIS  and  THEORY.  The  rim  of  a  gear  has  to  transmit 
the  load  on  the  teeth  to  the  arms.  It  is  thus  in  tension  on  one  side 
of  the  teeth  in  action,  and  in  compression  on  the  other.  The  sec- 
tion of  the  rim,  however,  is  so  dependent  on  other  practical  con- 
siderations which  call  for  an  excess  of  strength  in  this  respect,  that 
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it  18  not  considered  worth  vhlle  to  attempt  s  calculation  on  tiifs 
basis. 

Gears  Beldom  run  fast  enough  to  make  necessarj  a  calculation 
for  centrifugal  force  ;  and  in  general  it  can  be  said  that  the  design 
of  the  rim  is  entirely  dependent  oii  practical  considerations.  These 
will  appear  later  under  "  Practical  Modification. " 

The  arms  of  a  gear  are  stressed  the  same  as  pullej  arms,  the 
same  theory  answering  for  both,  except  that  a  gear  rim  always  be- 
ing much  heavier  than  a  pulley  rim,  thu  distribution  of  load 
amongst  the  arms  is  better  in  the  case  of  a  gear  than  of  a  pulley, 
and  it  is  usually  safe  to  assume  that  each  arm  of  a  gear  takes  its  full 
proportion  of  load  ;  or,  for  an  uval  section,  eijuatiiig  the  external 
moment  to  the  internal  moment  as  in  the  case  of  pulleys,  we  have  : 

—J   =^  0.0393  SA'.  (68) 

Keavy  spur  gears  have  the  arms  of  a  cross  or  T  section  (Fig. 


" 

f- 

n 

1 

1 

m 

1 

L 

Fig.  33. 

37),  the  latter  l>eing  esjHJcially  applicalitc  to  the  case  of  bevel  gears 
where  there  is  considerable  side  tlinist.  Ttie  simplest  way  of 
treating  such  sections  is  to  consider  tliat  tho  whuJe  bending  moment 
is  taken  by  the  rectangular  section  whosi-  gn-ater  dimension  is  in 
the  direction  of  the  load.  The  rest  of  tlm  Pi-ction,  Wing  close  to 
the  neutral  axis  uf  the  section,  is  of  littli^  value  in  resisting  the 
direct  load,  its  function  being  to  give  sidi-wise  stiffness.  The 
equation  for  the  cross  or  T  styhf  of  arm.  then  is  : 

W         1)        SA/'  .,    . 


MACHINE  DESIGN  123 

Either  b  or  h  may  be  aesumed,  and  the  other  determined.  As  a 
guide  to  the  Bection,  b  may  be  taken  at  about  the  tbicknesB  of  the 
tooth. 

Gear  hubs  are  in  no  wise  different  from  the  hubs  of  pulleys  or 
other  rotating  pieces.  The  depth  necessary  for  providing  suffi- 
cient strength  over  the  key  to  avoid  splitting  is  the  gniding  ele- 
ment, and  can  usually  be  beat  determined  by  careful  judgment. 

PRACTICAL  MODIFICATION.  Tlie  practical  requirements, 
which  no  theory  will  satisfy,  are  many  and  varied.  Sudden  and 
severe  shock,  excessive  wear  due  to  an  atmosphereof  grit  and  corros- 
ive elements,  abrupt  reversal  of  the  mechanism,  the  throwing-in  of 
clutches  and  pawls,  the  action  of  brakes — these  and  many  other 
influences  have  an  important  bearing  on  gear  design,  but  not  one 
that  can  be  calculated.  The  only  method  of  procedure  in  such 
cases  is  to  base  the  design  on  analysis  and  theory  as  previously 
given,  and  then  add  to  the  face  of  gear,  tb  ickness  of  tooth,  or  pitch 
an  amount  which  judgment  and  experience  dictate  as  sufficient. 

Excessive  noise  and  vibration  are  difficult  to  prevent  at  high 
speeds.  At  1,000  feet  per  minute,  gears  are  apt  to  run  with  an 
unpleasant  amount  of  noise.  At  speeds  beyond  this,  it  is  often 
necessary  to  provide  mortise  teeth,  or  teeth  of  hard  wood  set  into 
a  cast-iron  rim  (see  Fig.  38).  Rawhide  pinions  are  useful  in  this 
regard.  Fine  pitches  with  a  long  face  of  tooth  run  much  more 
smoothly  at  high  s|>eeds  than  a  coarse  ])iti']i  and  narrow-faced  tooth 
of  equal  strength.  Greater  care  in  alignment  of  shafts,  however, 
is  necessary,  also  stiffer  supports. 

Should  it  be  impracticable  to  use  a  standanl  tooth  of  sufficient 
strength,  there  are  several  ways  in  which  wo  can  increase  the 
carrying  capacity  without  increasing  the  pitch.     These  are: 

1.  Use  a  BtruDgcr  material,  hucIi  as  steel. 

2.  Shroud  the  teeth. 

3.  Use  a  hook  tooth. 

4.  Use  a.  Htub  tooth. 

Shrouding  a  tooth  consists  in  connecting  the  ends  of  the  teeth 
with  a  rim  of  metal.  When  this  riin  is  extended  to  the  top  of  the 
tooth,  the  process  is  called  '■  fnll-shrouding  "  (Fig,  39);  and  when 
carried  only  to  the  pitch  line,  it  is  termed  "half-shrouding" 
(Fig.  40).     The  theoretical  effect  of  shrouding  is  to  make  the  tooth 
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act  liko  a  sliort  beam  built  in  at  the  eidea;  aud  the  tootli  will 
practically  have  to  be  sheared  out  in  order  to  fail.  This  modifica- 
tion of  gear  design  requires  the  teeth  to  be  cast,  as  the  cutter 
cannot  pass  through  the  shrouding.  The  strength  of  the  shrouded 
gear  is  estimated  to  Iw  from  25  to  50  per  cent  above  that  of  the 
plain-tooth  type. 


r^ 


Fig.  at. 


Fitt-  40. 


The  hook-tooth  gear  i  Fig.  41 1  is  applicable  only  to  cases 
where  the  load  on  the  tooth  docs  not  reverse.  The  working  side 
of  the  tooth  13  made  of  the  usual  standard  curve,  while  the  back  is 
madu  of  a  curve  of  greater  obliquity,  reanlting  iu  a  considerable 
increase  of  thickness  at  the  root  of  the  tooth.  A  comparison  of 
strength  between  this  form  and  the  standard  may  Iw  made  hy 
drawing  the  two  teeth  for  a  given  pitch,  measuring  their  thickness 
just  at  top  of  the  fillet,  an<l  finding  the  relation  of  the  squares 
of  these  dimensions.  The  truth  of  this  relation  is  readily  seen  from 
an  inspection  of  formula  lil. 

The  stub  tooth  merely  involves  the  shortening  of  the  height 
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of  the  tooth  in  order  to  reduce  the  lever  arm  on  which  the  load 
acts,  thus  reducing  the  moment,  and  therebj" permitting  a  greater 
load  to  be  carried  for  the  same  stress. 

The  rim  of  a  gear  is  dependent  for  its  proportions  chiefly  on 
questions  of  practical  moulding  and  machining.  It  must  bear  a 
certain  relation  to  the  teeth  and  arms,  so  that,  when  it  is  cooling  in 
the  mould,  serious  shrinkage  stresses  will  not  be  set  up,  forming 
pockets  and  cracks.  Moreover,  wjien  under  pressure  of  the  cutter 
in  the  producing  of  the  teeth,  it  must  not  chatter  or  spring.  This 
condition  is  quite  well  attained  in  ordinary  gears  when  the  thick- 
ness of  the  rim  below  the  base  of  the  tooth  is  made  about  the  same 
as  the  thickness  of  the  tooth. 


L.1GHT  PRESSURt 
ON  BACK  OF  TOOTH. 
35*INVOLA/n 

t-OA^OElD  QOC 
5'IMVOLUTE, 


Fifr.  41. 

The  stiffening  ribs  and  arms  must  all  be  joined  to  the  rim  by 
ample  fillets,  and  the  cross-section  must  be  as  uniform  as  possible, 
to  prevent  unequal  cooling  and  consequent  pulling-away  of  the 
arms  from  the  rim  or  hub.  Often  the  calculated  size  of  the  arms 
at  both  rim  and  hub  has  to  be  modified  considerably  to  meet  this 
requirement. 

The  arms  are  usually  taj)ered  to  suit  the  designer's  eye,  a 
small  gear  requiring  more  taper  per  foot  than  a  large  one.  Both 
rim  and  hub  should  be  tapered  I  inch  per  foot  to  permit  easy 
drawing-out  from  the  mould. 

The  proportions  given  in  the  following  table  have  been  used 
with  success  as  a  basis  of  gear  design  in  manufacturing  practice. 
The  table  will  serve  as  an  excellent  guide  in  laying  out,  and  can  be 
closely  followed,  in  most  cases  with  but  slight  modification. 
Web  gears  are  introduced  for  small  diameters  where  the  arms  begin 
to  look  awkward  and  clumsy. 
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Oaar  Dolin  Data. 
HauurainBiiti  giTSD  In  inehes.    Latton  nfot  to  Pig.  U. 


Oismebal  pitch  .. 

P 

IJ 

U 

3 

2t 

3 

3t 

4 
2* 

5 

6 

8 

face 

F 

H 

H 

n 

S( 

31 

21 
H 

2i 

IS 

1* 

ThicknesB  of  arm 
when  extended 
to  pitch  line 

G 

1« 

H 

i» 

1 

8 

» 

« 

« 

i 

Width  of  anil  when 
extended    to 
pitch  line 

C 

i 

St 

3 

2* 

2J 

2 

n 

11 

11 

4 

Thichnenofrim.. 

K 

21 

2| 

2J 

U 

IJ 

1! 

n 

1 

1 

Depth  of  rib 

E 

2 

li 

H 

H 

1 

! 

i 

1 

» 

1 

Thicknees  of  web. 
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ANALYSIS.     It  Ib  possible  to  consider  bevel  gears  as  the 
general  case  of  wliich  epur  gears  are  s  special  form.     The  pitch 
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surfaces  of  spur  gears  described  above  as  cylinders,  inathematically 
considered,  are  cones  whose  vertices  are  infinitely  distant,  while 
bevel  gears  likewise  are  based  on  pitch  cones,  but  with  a  vertex  at 
some  finite  point,  common  to  the  mating  pair.  Hence,  as  we 
might  expect,  the  laws  of  tooth  action  are  similar  in  bevel  gears 
to  those  in  the  case  of  spur  gears.  The  profile  of  the  tooth  in  the 
former  case,  however,  is  based,  not  on  the  real  radius  of  the  pitch 
cone,  but  on  the  radius  of  the  normal  cone  ;  and  in  the  develop- 
ment of  the  outline  the  latter  is  treated  just  as  though  it  were  the 
radius  of  a  spur  gear.  The  tooth  thus  formed  is  wrapped  back  up- 
on the  normal  cone  face,  and  becomes  the  large  end  of  the  taper- 
ing  bevel-gear  tooth  (see  Fig.  44). 


Fig.  42. 

The  teeth  of  bevel  gears,  being  simply  projections  with  bases  on 
the  pitch  cones,  have  a  varying  cross-section  decreasing  toward  the 
vertex  ;  also  a  trapezoidal  section  of  root,  the  latter  section  acting 
as  a  beam  section  to  resist  the  cantilever  moment  due  to  the  tooth 
load. 

The  arms  must,  as  in  the  case  of  spur  gears,  transmit  the  load 
from  the  tooth  to  the  shaft;  in  addition,  the  arms  of  a  bevel  gear 
are  subjected  to  a  side  thrust  due  to  the  wedging  action  of  the 
cones.  Hence  sidewise  stiffness  of  the  arms  is  more  essential  in 
this  type  of  gear  than  in  the  case  of  the  spur  gear. 

THEORY.  It  is  evident  that  the  calculation  of  tooth  strength 
based  on  a  trapezoidal  section  of  root  would  be  somewhat  compli- 
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catt'd  ;  also  ihat  llie  IrajM-zuid  iii  most  casfs  would  1«-  but  liltic 
(liirtTt'nt  from  a  triu-  rfctaiiffli'.  Ilciict!  tlu-  error  will  W  Iml 
flij^ht  if  till'  averajre  cross- section  of  the  tooth  be  taken  to  repre. 
sent  its  stnTijKth,  and  the  cak-ulatiim  made  aecurdingly. 
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Fig.  45  shows  a  bevel-gear  tooth  with  the  average  cross-sec- 
tion  in  dotted  lines.  For  the  purpose  of  calculation,  the  assump- 
tion is  made  that  the  section  A  is  carried  the  full  length  of  the 
face  of  the  gear,  and  that  the  load  which  this  average  tooth  must 
carry  is  the  calculated  load  at  the  pitch  line  of  section  A.  This 
is  equivalent  to  saying  that  the  strength  of  a  bevel-gear  tooth  is 
equal  to  that  of  a  spur-gear  tooth  which  has  the  same  face,  and  a 
section  identical  with  that  cut  out  by  a  plane  at  the  middle  of  the 
bevel  tooth.  The  load,  as  in  the  case  of  the  spur  gear,  should  be 
taken  at  the  top  of  the  tooth;  and  its  magnitude  can  be  con- 
veniently calculated  at  the  mean  pitch  radius  of  the  bevel  face, 
without  appreciable  error. 

This  similarity  to  spur  gears  being  borne 
in  mind,  the  calculation  for  strength  needs  no 
further  treatment.  Once  the  average  tooth  is 
assumed  or  found  by  layout,  a  strict  following- 
out  of  the  methods  pursued  for  spur-gear 
teeth  will  bring  consistent  results. 

The  detail  design  of  a  pair  of  bevel  gears 
involves  some  trigonometrical  computations 
in  order  properly  to  dimension  the  drawing 
for  use  in  finishing  the  blanks  and  subse- 
quently in  cutting  the  teeth,  or,  in  the  case 
of  cast  gears,  in  making  the  pattern.  These 
calculations,  although  simple,  are  yet  apt  to  be  tedious;  and  inac- 
curacies are  likely  to  creep  in  if  a  definite  system  of  relations 
be  not  maintained.  Hence  the  results  of  these  calculations  are 
given  below  in  condensed  and  reduced  form.  The  deduction  of 
these  formulie  is  a  simple  and  interesting  exercise  in  trigonometry; 
and  it  is  urged  that  tlit^y  bi^  worked  out  by  the  student  from  the 
fitrure,  in  which  case?  lie  will  feel  rrreater  confidence  in  their  use. 

Axes  of  Gears  at  90  Degrees. 

Uso  subscript  1  for  f^oar;  P  for  pinion.     Lnttors  rofor  to  Fi^',  44. 


Fig.  45. 
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/-JL-ZL^JL  (73) 

•'^  -  10  -  20  -  20P*  ^     ' 

.      ^       Np  ^        N, 

tan  Cp  =  jjj^;  tan  Ci  =  ^' 

r«         »         2  sin  C  ,--. 

ten  T  =  "x  =  — iT"  '  ^  ^ 


(74) 


.      X.       «+/      2.3UsinC  ,-^, 

ton  B  =      ^-^   = jj (76) 

s+/=  AtonB  =  ^  =  0568Pi.  (77) 

^=  2P8inC  =2P  ^^^>'  + V  =  4- ^^  P'^  +  Pp''   ^^^^ 

^'^coflTB  =2Pcos  BsinC     '  ^^^^ 

Gi  =  90P  -  (Ci  +  T);  Gp  =  90°  -  (Cp  +  T).  (80) 

E  =  S  cos  Ci  =  S  Bin  Cp  .  (81) 

K  =  S  cos  Cp  =  S  sin  Ci.  (82) 

PRACTICAL  MODIFICATION.  The  practical  requirements 
to  be  met  in  transmission  of  power  by  bevel  gears  are  the  same  as 
for  spur  gears;  but  in  the  case  of  bevel  gears  even  greater  care  is 
necessary  to  provide  stiffness,  strength,  true  alignment,  and  rigid 
supports.  As  far  as  the  gears  themselves  are  concerned,  a  long 
face  is  desirable;  but  it  is  much  more  difficult  to  gain  the  ad- 
vantage of  its  strength  tlian  in  the  case  of  spur  gears,  because  full 
bearing  along  the  length  of  the  tooth  is  hard  to  guarantee. 

The  rim  usually  requires  a  series  of  ribs  running  to  the  hub 
to  give  required  stiffness  and  strength  against  the  side  thrust  which 
is  always  present  in  a  pair  of  bevel  gears.  Instead  of  arms,  the 
tendency  of  bevel-gear  design,  except  for  very  large  gears,  is  toward 
a  web  on  account  of  the  better  and  more  uniform  connection 
thereby  secured  between  rim  and  hub.  This  web  may  be  liglitened 
by  a  number  of  holes,  so  that  tlie  resultant  effect  is  that  of  a  num- 
ber of  wide  and  flat  arms. 

The  hubs  naturally  have  to  be  fully  as  long  as  those  of  spur 
gears,  because  there  is  greater  tendency  to  rock  on  the  shaft,  due 
to  the  side  thrust  from  the  teeth,  mentioned  above. 

The  teeth  on  small  gears  ara  cut  with  rotary  cutters,  at  least 
two  finishing  cuts  being  necessary,  one  for  each  side  of  the  taper- 
ing tooth.  The  more  accurate  method  is  to  plane  the  teeth  on  a 
special  gear  planer,  and  this  method  is  followed  on  all  gears  of 
any  considerable  size.  The  practical  requirement  here  is  that  no 
portion  of  the  hub  shall  project  so  as  to  interfere  with  the  stroke 
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carved  to  embrace  the  worm,  but  are  twisted  across  the  face  of  the 
gear,  so  that  it  would  be  practically  impossible  to  devise  a  purely 
theoretical  method  of  exact  calculation.  The  most  reasonable  thing 
to  do  is  to  assume  the  teeth  as  being  equally  as  strong  as  spur-gear 
•teeth  of  the  same  circular  pitch,  and  to  ilgure  them  accordingly. 
It  is  probably  true,  however,  that  the  load  is  carried  by  more  than 
one  tooth,  especially  in  a  bobbed  wheel;  so  we  shall  be  safe  in 
assuming  that  two — and,  in  case  of  large  wheels,  three — teeth 
divide  the  load  between  them.  With  these  considerations  borne 
in  mind,  the  case  reduces  itself  to  that  of  a  simple  spur-gear 
tooth  calculation,  which  has  already  been  explained  under  the 
heading  "Spur  Gears." 

The  worm  teeth,  or  threads,  are  probably  always  stronger  than 
the  worm-gear  teeth;  so  no  calculation  for  their  strength  need  be 
made. 

The  twisting  moment  on  the  worm  shaft  is  not  determined  so 
directly  as  in  the  case  of  spur  gears.  The  relative  number  of 
revolutions  of  the  two  shafts  depends  upon  the  "  lead "  of  the 
worm  thread  and  the  number  of  teeth  in  the  gear. 

LMid  (L)  is  the  distance  parallel  to  the  axis  of  the  worm  which 
any  point  in  the  thread  advances  in  one  revolution  of  the  worm. 
Pitch  (P*)  is  the  distance  parallel  to  the  axis  of  the  worm  between 
corresponding  points  on  adjacent  threads.  The  distinction  between 
lead  and  pitch  should  be  carefully  observed,  as  the  two  are  often 
confounded,  one  with  the  other. 

The  thread  may  be  single,  double,  triple,  etc.,  the  index  of  the 
thread  ?',  being  1,  2,  3,  etc.,  in  accordance  therewith.  The  relation 
between  lead  and  pitch  may  then  be  expressed  by  an  equation,  thus: 

L  =  i  P'.  (84) 

When  the  index  of  the  thread  is  changed  the  speed  ratio  is 
changed,  the  relation  being  shown  by  the  equation: 

If  the  eflBciency  were  100  per  cent  between  the  two  shafts, 
the  twisting  moments  would  be  inversely  as  the  ratio  of  the  speeds 
ihus: 
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T,       M 


* 


T  ~  M„  -  N  ' 

T,  =  -J";  (86) 

bnt  for  an  efficiency  E  the  equation  would  be: 

Z»_  * 

T  ~Eir'' 

*''  '^-=-m-  <*7) 

The  diameter  of  the  worm  is  arbitrary.  Change  of  this 
diameter  has  no  effect  on  the  speed  ratio.  It  has  a  slight  effect  on 
the  efficiency,  the  smaller  worm  giving  a  little  higher  efficiency. 
The  diameter  of  the  worm  runs  ordinarily  from  3  to  10  times  the 
circular  pitch,  an  average  value  being  4P*  or  6P'! 

A  longitudinal  cross-section  through  the  axis  of  the  worm 
cuts  out  a  rack  tooth,  and  this  tooth  section  is  usually  made  of  the 
standard  14^^  involute  form  shown  in  Fig.  46  for  a  rack. 

The  end  thrust,  of  a  mag- 
nitude  practically  equal  to  the  p — v 

pressure  between  the  teeth, 
has  to  be  taken  by  the  hub  of 
the  worm  against  the  face  of 
the  shaft  bearing.  A  serious 
loss  of  efficiency  from  friction  Fi^.  46. 

is  likely  to  occur  here.     This 

is  often  reduced,  however,  by  roller  or  ball  bearings.  With  two 
worms  on  the  same  shaft,  each  driving  into  a  separate  worm  gear, 
it  is  possible  to  make  one  of  the  worms  right-hand  thread,  and 
the  other  left-hand,  in  which  case  the  thrust  is  self-contained  in 
the  shaft  itself,  and  there  is  absolutely  no  end  thrust  against  the 
face  of  the  bearing.  This  involves  a  double  outfit  throughout,  and 
is  not  always  practicable. 

There  are  few  mathematical  equations  necessary  for  the  dimen- 
sioning  of  a  worm  and  worm  gear.  The  formuhu  for  the  tooth 
parts  as  given  on  page  120  apply  ecjually  well  in  this  ease. 

PRACTICAL  MODIFICATION.  The  discussion  of  the  effl. 
ciency  E  of  the  worm  and  worm   gear  is  more  of  a  practical  than 
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of  a  tfaaoratMil  nalnie.  It  aeenui  to  be  tme  from  actual  opendoo, 
M  wdl  M  theoiy,  that  the  ateepet  the  threads  the  higher  the  effi- 
dencj.  In  actual  practice  we  aeldom  have  opportimity  to  ehup 
the  dope  of  the  thread  to  get  increased  efficiency.  The  dope 
ia  uanallj  aettled  fnmi  oonaiderationa  of  speed  ratio,  or  aviilaUe 
apace,  or  some  other  condition.  Hie  nsnal  practical  proUem  U  to 
take  a  given  worm  and  worm  gear,  and  to  make  out  of  itaaefficient 
a  device  as  possible.  With  hobbed  gears  ranning  in  oil  baths,  tad 
with  moderate  pressures  and  speeds,  the  efficiency  will  range  between 
40  per  cent  and  70  per  cent  Hie  latter  figure  is  higher  thin  u 
nsnally  attained. 

To  avoid  cutting  and  to  secure  high  efficiency,  it  seems  ei- 
aential   to  make  the  worm  and  the  gear  of  different  materials. 
The  worm-thread  surfaces  being  in  contact  a  greater  number  d 
times  than  the  gear  teeth,  should  evidently  be  of  the  harder  material 
Hence  we  usuidly  find  the  worm  of  steel,  and  the  gear  of  cast  iron, 
brass,  or  bronie.     To  save  the  expense  of  a  lai^  and  heavy  bronn 
gear,  it  is  common  to  make  a  cast-iron  center  and  bolt  a  broDie 
rim  to  it. 

The  worm,  being  the  most  liable  to  replacement  from  wear, 
it  is  desirable  so  to  arrange  its  shaft  fastening  and  general  acces- 
sibility that  it  may  be  readily  removed  without  disturbing  the 


worm  war. 


Tlie  circular  pitch  of  the  gear  and  the  pitch  of  the  worm 
thread  must  be  the  same,  and  the  practical  question  comes  in  as  to 
the  threads  j)er  inch  possible  to  be  cut  in  the  lathe  in  the  pro- 
duction of  the  worm  thread.  The  pitch  miist  satisfy  this  require- 
ment; hence  the  pitch  will  usually  be  fractional,  and  the  diameter 
of  the  worm  gear,  to  give  the  necessary  number  of  teeth,  must  be 
brought  to  it.  While  it  would  perhaps  be  desirable  to  keep  an 
even  diametral  pitch  for  the  worm  gear,  yet  it  would  be  j)Oor  de- 
sign to  s{)ecify  a  worm  thread  which  could  not  be  cut  in  a  lathe. 

The  standard  involute  of  14i\  and  the  standard  proportions 
of  teeth  as  given  on  page  120  are  usually  used  for  worm  thre-ads. 
This  system  recjuires  the  gear  to  have  at  least  30  teeth,  for  if  fewer 
teeth  are  used  the  thread  of  the  worm  will  interfere  with  the 
flanks  of  the  gear  teeth.  This  is  a  mathematical  relation,  and 
there  are  methods  of  preventing  it  by  change  of  tooth  pro{)ortions 
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or  of  angle  of  worm  thread  ;  but  there  are  few  instances  in  which 
less  than  30  teeth  are  required,  and  it  is  not  deemed  worth  while 
to  go  into  a  lengthy  discussion  of  this  point. 

The  angle  of  the  worm  embraced  by  the  worm-gear  teeth 
varieo  from  60^  to  90^,  and  the  general  dimensions  of  rim  are  made 
about  the  same  as  for  spur  gears.  The  arms,  or  the  web,  have  the 
same  reasons  for  their  size  and  shape.  Probably  web  gears  and 
cross-shaped  arms  are  more  common  than  oval  or  elliptical  sections. 

Worm  gears  sometimes  have  cast  teeth,  but  they  are  for  the 
roughest  service  only,  and  give  but  a  point  bearing  at  the  middle 
of  the  tooth.  An  accurately  bobbed  worm  gear  will  give  a  bearing 
clear  across  the  face  of  the  tooth,  and,  if  properly  set  up  and  cared 
for,  makes  a  good  mechanical  device  although  admittedly  of  some- 
what low  eflSciency. 

Fig.  47  shows  a  detail  drawing  of  a  standard  worm  and  worm 
gear.  It  should  serve  as  a  suggestion  in  design,  and  an  illustration 
of  the  shop  dimensions  required  for  its  production. 

PROBLEMS  ON  SPUR,   BEVEL,  AND  WORM  QEAR5. 

1.  Calculate  proportions  of  a  standard  Brown  &  Sharpe 
gear  tooth  of  1^  diametral  pitch,  making  a  rough  sketch  and  put- 
ting the  dimensions  on  it. 

2.  Suppose  the  above  tooth  to  be  loaded  at  the  top  with 
5,000  lbs.  If  the  face  be  6  inches,  calculate  the  fiber  stress  at  the 
pitch  line,  due  to  bending. 

3.  A  tooth  load  of  1,200  lbs.  is  transmitted  between  two 
spur  gears  of  12-inch  and  30-inch  diameter,  the  latter  gear  making 
100  revolutions  per  minute.  Calculate  a  suitable  pitch  and  face 
of  tooth  by  the  "  Lewis  "  formula. 

4.  Assuming  a  J-inch  web  on  the  12-inch  gear,  calculate  the 
shearing  fiber  stress  at  the  outside  of  a  hub  4  inches  in  diameter 

5.  Design  elliptical  arms  for  the  30-inch  gear,  allowing 
8  =  2,200. 

6.  Design  cross-shaped  arms  for  30-inch  gear. 

7.  Calculate  the  dimensions  shown  in  formula?  70  to  82  in- 
clusive for  a  pair  of  bevel  gears  of  20  and  CO  teeth  respectively,  2 
diametral  pitch,  and  4-inch  face.  (The  use  of  logarithmic  tables 
makes  the  calculation  much  easier  than  with  the  natural  functions.) 
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8.     A  worm  wheel  ha«  40  teeth,  3  diametral  pitch,  and  doable 
thread.     Calcnlate  (a)  its  lead;  {(>)  itB  pitch  diameter. 

FRICTION  CLUTCHES. 

NOTATION— The  following  notation  is  used  throughout  the  chapter  on  Friction  Clutches:. 

a  =  Angle  between  clutch  face 
and  axis  of  shaft  (degrees) 

H  =Horse-power  (33/NX)  ft.-lbs. 
per  minute). 

fJL  =Ck)efflclent  of  friction  (per 
cent). 

N  =  Number  of  revolutions  per 
minute. 

P  =  Force  to  hold  clutch  in  gear 
to  produce  W  (lbs.). 

R  =Mean  radius  of  friction  sur- 
face (inches). 

T  sTwlsting  moment  about 
shaft  axis  (inch-lbs.). 

V  3  Force  normal  to  clutch  face 
(lbs.). 

W=Load  at  mean  radius  of 
friction  surface  (lbs.). 

ANALYSIS.      The 

friction  clutch  is  a  de- 
vice for  connecting  at 
will  two  separate  pieces 
of  shaft,  transmitting  an 
amount  of  power  be- 
tween them  to  the  capac- 
ity of  the  clutch.  The 
connection  is  usually  ac- 
complished while  the 
driving  shaft  is  under 
full  speed,  the  slipping 
between  the  surfaces 
which  0(5cur8  during  the 
throwing-in  of  the 
clutch,  permitting  the 
driven  shaft  to  pick  up 
the  speed  of  the  other 
gradually,  without  ap- 
preciable shock.  The 
disconnection  is  made  in 
the   same   manner,   the 
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amount  of  slip])ing  which  occurs  depending  on  the  suddenness  with 

which  the  clutch  is  thrown  out. 

The  force  of  friction  is  the  sole  driving  element-,  hence  the 

problem  is  to  secure  as 
large  a  force  of  friction 
as  possible.  Bu  t  friction 
cannot  be  secured  with- 
out a  heavy  normal  pres- 
sure between  surfaces 
having  a  high  coefficient 
of  friction  between  them. 
The  many  varieties  of 
friction  clutches  which 
are  on  the  market  or  de- 
signed for  some  special 
purpose,  are  all  devices 
for  accomplishing  one 
and  the  same  effect,  viz,^ 
the  production  of  a  heavy 
normal  force  or  pressure 
between  surfaces  at  such 
a  radius  from  the  driven 
axis,  that  the  product  of 
the  force  of  friction 
thereby  created  and  the 
radius  shall  equal  the 
desired  twisting  moment 
about  that  axis. 

Three  typical  meth- 
odsof  accomplishing  this 
are  shown  in  Figs.  48, 
49,  and  50.  None  of 
these  drawings  is  worked 
out  in  operative  detail. 

They  are  merely  illus- 
tratiou.s  of  principle,  and  are  drawn  in  the  simplest  form  for  that 
purpose. 

In  Fig.  48  the  normal  pressure  is  created  in  the  simplest  pos- 
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sible  way,  an  absolutely  direct  push  being  exerted  twtween  the 
discs,  due  to  the  thrust  P  of  the  clutch  fork. 

In  Fig.  49  advantage  18  taken  of  the  wedge  action  of  the  in. 
clined  faces,  the  result  be- 
ing that  it  takes  lees  thrust 
P  to  produce  the  required 
normal  pressure  at  the  ra- 
dius B. 

In  Fig.  50  the  inclin- 
ation of  the  faces  is  carried 
so  far  that  the  angle  n  of 
Fig.  49  has  become  zero; 
and  by  tbe  toggle-joint  ac- 
tion of  the  link  pivot«d  to 
tbe  clutch  collar,  tbe  nor- 
ma) force  produced  may  be 
verygreatfor  a  slight  thrust 
P.  By  careful  adjustment 
of  tbe  length  of  the  link  so 
that  the  jaw  takes  bold  of 
the  clutch  surface,  when 
the  link  stands  nearly  ver- 
tical, a  reryeasy  operating 
device  is  secnred,  and  tbe 
thrust  P  is  made  a  mini- 
mum. 

THEORY.  Referring 
to  Fig.  48  in  order  to  cal. 
cnlate  the  twisting  mo- 
ment, we  must  remember 
that  tbe  force  of  friction 
between  two  surfaces  is 
equal  to  the  normal  pres- 
sure times  tbe  coefficient  of 
friction.  This,  in  the  form 
of  an  equation,  using  the  syi 

W  =  /i  I'.  (88) 


ibols  of  the  figure,  in  ; 
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Hence  we  may  consider  that  we  have  a  force  of  magnitude  fiP 
acting  at  the  mean  radius  B  of  the  clutch  surface.  The  twisting 
moment  will  then  be  : 

T  =  WR  =  /tPR.  (89) 

Referring  to  equation  54,  which  gives  twisting  moment  in  terms 
of  horse-power,  and  putting  the  two  expressions  equal  to  each  other, 
we  have  : 

63,025  H 
„       uNPR  ,      . 

^^•fe;o25-  (90) 

This  expression  gives  at  once  the  horse-power  that  the  clutch  will 
transmit  with  a  given  end  thrust  P. 

In  Fig.  49  the  equilibrium  of  the  forces  is  shown  in  the  little 
sketch  at  the  left  of  the  figure.  The  clutch  faces  are  supposed 
to  be  in  gear,  and  the  extra  force  necessary  to  slide  the  two  to- 
gether is  not  considered,  as  it  is  of  small  importance.  The  static 
equations  then  are  : 

P  =  2-7J-  sin  a-^ 


or, 


or, 


V  =  P  cosec  a.  (pO 

W  =  fiY    =    fiP  cosec  a.  (9^) 

T  =  WR  =  /aPR  cosec  a.  (93) 

03,02511 

T  = ^ =  fjirii  cosec  a ; 

uNPR   cosec  a  ,      v 

I^  =         03.025 <94) 


In  Fig.  50,  P  would  of  course  be  variable,  depending  on  the 
inclination  of  the  little  link.  The  amount  of  horse-power  which 
this  clutch  would  transmit  would  be  the  same  as  in  the  case  of  the 
device  illustrated  in  Fig.  40,  for  an  equal  normal  force  V  produced. 

Tlie  further  theoretical  design  of  such  clutches  should  be  in 
accordance  with  the  same  principles  as  for  arms  and  webs  of 
pulleys,  gears,  etc.     The  length  of  the  hul)s  must  be  liberal  in 
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order  to  prevent  tipping  on  the  shaft  as  a  result  of  uneven  wear. 
The  end  thrust  is  apt  to  be  considerable;  and  extra  side  stiffness 
must  be  provided,  as  well  as  a  rim  that  will  not  spring  under  the 
radial  pressure. 

PRACTICAL  nODIPICATION.  It  is  desirable  to  make  the 
most  complicated  part  of  a  friction  clutch  the  driven  part,  for  then 
the  mechanism  requiring  the  closest  attention  and  adjustment  may 
be  brought  to  and  kept  at  rest  when  no  transmission  of  power  is 
desired. 

Simplicity  is  an  important  practical  requirement  in  clutches. 
The  wearing  surfaces  are  subjected  to  severe  usage;  and  it  is 
essential  that  they  be  made  not  only  strong  in  the  first  place,  but 
also  capable  of  being  readily  replaced  when  worn  out,  as  they  are 
sure  to  be  after  some  service. 

The  form  of  clutch  shown  in  Fig.  50  is  the  most  eflBcient 
form  of  the  three  shown,  although  its  commercial  design  is  consid- 
erably different  from  that  indicated.  Usually  the  jaws  grip  both 
sides  of  the  rim,  pinching  it  between  them.  This  relieves  the 
clutch  rim  of  the  radial  unbalanced  thrust. 

Adjusting  screws  must  be  provided  for  taking  up  the  wear, 
and  lock  nuts  for  maintaining  their  position. 

Theoretically,  the  rubbing  surfaces  should  be  of  those  materials 
whose  coeflScient  of  friction  is  the  highest;  but  the  practical  ques- 
tion of  wear  comes  in,  and  hence  we  usually  find  both  surfaces  of 
metal,  cast  iron  being  most  common.  For  metal  on  metal  the 
coeflicient  of  friction  fi  cannot  be  safely  assumed  at  more  than  15 
per  cent,  because  the  surfaces  are  sure  to  get  oily. 

A  leather  facing  on  one  of  the  surfaces  gives  good  results  as 
to  coeflicient  of  friction,  fi  having  a  value,  even  for  oily  leather,  of 
20  per  cent.  Much  slipping,  however,  is  apt  to  burn  the  leather; 
and  this  is  most  likely  to  occur  at  high  s[)eed8. 

Wood  on  cast  iron  gives  a  little  higher  coeflicient  of  friction 
for  an  oily  surface  than  metal  on  metal.  Wood  blocks  can  be  so 
set  into  the  face  of  the  jaws  as  to  be  readily  replaced  when  worn, 
and  in  such  case  make  an  excellent  facing. 

The  angle  a  of  a  cone  friction  clutch  of  the  type  shown  in 
Fig.  49,  may  evidently  be  made  so  small  that  the  two  parts  will 
wedge  together  tightly  with  a  very  slight  pressure  P;  or  it  may 
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be  so  large  as  to  have  little  wedging  action,  and  approach  the  con- 
dition illustrated  in  Fig.  48.  Between  these  limits  there  is  a 
practical  value  which  neither  gives  a  wedging  action  so  great  as  to 
make  the  surfaces  difficult  to  pull  apart,  nor,  on  the  other  hand, 
re<]uires  an  objectionable  end  thrust  along  the  shaft  in  order  to 
make  the  clutch  drive  properly. 

For  a  =  about  15*^,  the  surfaces  will  free  themselves  when  P  is  relieved. 
"    a  =      "      12°,    "         "         require  slight  pull  to  be  freed. 
"    a  =      **      1(P,    "        "         cannot  be  freed  by  direct  pull  of  the 
hand,  l)ut  require  some  leverage  to  produce  the  necessary  force  P. 

PROBLEMS  ON  FRICTION   CLUTCHES. 

1.  With  what  force  must  we  hold  a  friction  clutch  in  to 
transmit  30  horse-power  at  200  revolutions  per  minute,  assuming 
working  radius  of  clutch  to  be  12  inches;  coefficient  of  friction  15 
per  cent;  angle  if  =  10°  ? 

2.  How  much  horse-power  could  be  transmitted,  other  con- 
ditions remaining  the  same,  if  the  working  radius  were  increased 
to  18  inches  ? 

3.  What  force  would  be  necessary  in  problem  1,  if  the  angle 
a  were  15  \  other  conditions  remaining  the  same  ? 

COUPLINGS. 

DOTATION,  -The  following  notation  is  used  throughout  the  chapter  on  Couplings: 

D  =  Diameter  of  shaft  (inches).  Sc  =Safe  crushing  fiber  stress  (lbs.  per 
d    =Dlameter  of  bolt  body  (inches).  sq.  in.). 

n    =  Number  of  bolts.  T  =Twisting  moment  (inch-lbs.). 
R  =  Radius  of  bolt  circle  (Inches).  /=Thickness  of  flange  (inches). 

S  =.Safe  shearing  fiber  stress  (lbs.  i>er  W  =Load  on  bolts  (lbs.), 
srj.  in.). 

ANALYSIS.  Rigid  couplings  are  intended  to  make  the 
shafts  which  they  connect  act  as  a  solid,  continuous  shaft.  In 
order  that  the  shaft  may  be  worked  up  to  its  full  strength  capac- 
ity, the  coupling  must  be  as  strong  in  all  respects  as  the  shaft, 
or,  in  other  words,  it  must  transmit  the  same  torsional  moment. 
In  the  analysis  of  the  forces  which  come  upon  these  couplings,  it 
is  not  considered  that  they  are  to  take  any  side  load,  l)ut  thrt  they 
are  to  act  purely  as  torsional  elements.  It  is  doubtless  true  that  in 
many  cases  they  do  have  to  provide  some  side  strength  and  stiff- 
ness, but  this  is  not  their  natural  function,  nor  the  pne  upon  which 
their  design  is  based. 
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E^ferrinfT  to  Fig.  51,  which  is  the  ty|)e  most  convenient  for 
analysis,  we  have  an  example  of  the  simplest  form  of  flange  coup- 
ling. It  consists  merely  of  hubs  keyed  to  the  two  portions,  with 
flanges  driving  through  shear  on  a  series  of  bolts  arranged  con- 
centrically about  the  shaft.  The  hubs,  keys,  and  flanges  are  sub- 
ject to  the  same  conditions  of  design  as  the  hubs,  keys,  and  web  of 
a  gear  or  pulley,  the  key  tending  to  shear  and  be  crushed  in  the 
hub  and  shaft,  and  the  hub  tending  to  be  torn  or  sheared  from  the 
flange.  The  driving  bolts,  which  must  be  carefully  fitted  in 
reamed  holes,  are  subject  to  a  purely  shearing  stress  over  their  full 
area  at  the  joint,  and  at  the  same  time  tend  to  crush  the  metal  in 
the  flange,  against  which  they  bear,  over  their  projected  area. 
This  latter  stress  is  seldom  of  importance,  the  thickness  of  the 
flange,  for  practical  reasons,  being  sutticient  to  make  the  crushing 
stress  very  low. 

THEORY.  The  theory  of  hubs,  keys,  and  flanges,  being  like 
that  already  given  for  pulleys  and  gears,  need  not  be  rej)eAted  for 
couplings.  The  shearing  stress  on  the  bolts  is  the  only  new  point 
to  be  studied. 

In  Fig.  51,  for  a  twisting  moment  on  the  shaft  of  T,  the  load 

T 

at    the  bolt   circle  is  W=-^.       If  the  number  of  bolts  ben, 

equating  the  external  force  to  tlie  internal  strength,  we  have: 

^^=-Tr^-4-»-  (95) 

Altliough  the  crushing  will  seldom  be  of  importance,  yet  for 
the  sake  of  completeness  its  equation  is  given,  thus: 

T 

W=-  -.-  =Scdtn.  (96) 

SD' 

The  internal   moment   of   resistance   of   the    shaft    is  -=-r' 

5.1 

hence  the  equation  representing  full  equality  of  strength  l)etw(^on 
the  shaft  and  the  coupling,  de{)ending  upon  the  shearing  strength 
of  the  bolts,  is : 


5.1K 


= 1 71, 


(97) 
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The  theory  o!  the  other  types  of  couplinge  is  obecQre,  except 
■■  KgardB  the  proportions  of  the  key,  which  are  the  eame  in  all 
cmm.  The  shell  of  the  clantp  coupling,  Fig.  52,  should  be  thick 
•nongh  to  give  equal  torsional  strength  with  the  shaft;  but  the 
eiict  function  which  the  bolts  perform  is  difficult  to  determine. 
In  general  the  bolts  clamp  the  coupling  tightly  on  the  shaft  and 
pfOTide  rigidity,  but  the  key  does  the  principal  amount  of  the 
flriviDg.  The  bolt  sizes,  in  these  couplings,  are  based  on  judgment 
*Oii  relation  to  surrounding  parts,  rather  than  on  theory. 

PRACTICAL  nODIPICATION.  All  couplings  must  he  made 
^(h  care  and  nicely   fitted,  for  their  tendency,  otherwise,  is  to 


nr^J 


3- 


Fig.  52. 


Spring  the  shafts  out  of  line.  In  the  case  of  the  Hange  coupling, 
the  two  halves  may  be  keyed  in  place  on  the  shafts,  the  latter  then 
BWQDg  on  centers  in  the  lathe,  and  the  joint  faced  off.  Thus  the 
joint  will  be  true  to  the  axis  of  the  shaft;  and,  when  it  is  clamped 
in  position  by  the  l)olts,  no  springing  out  of  line  cati  take  place. 

A  flange  F  (see  Fig.  51)  is  sometimes  made  on  tbia  form  of 
coupling,  in  order  to  guard  the  bolts.  It  may  he  used,  also,  to  take 
alight  belt  for  driving  machinery;  but  a  side  load  is  thereby  thrown 
OQ  the  shaft  at  the  joint,  which  is  at  the  very  point  where  it  is  desir- 
able to  avoid  it. 

The  siniplest  form  of  rigid  coupling  consists  of  a  plain  sleeve 
slipped  over  from  one  shaft  to  the  other,  when  the  second  is  butted 
upagaioat  the  first.  This  is  known  as  a  muff  coupling.  When 
once  in  place,  this  is  a  very  excellent  coupling,  as  it  is  perfectly 
■Daooth  OD  the  oateide,  and  consists  of  the  fewest  possible  parts, 
■■teielv   a  sleeve   and  a   key.     It  is,    however,  expensive    to    fit, 
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difficult  to  rttmovt'.  and  requires  an  extra  s])ace  of  balf  its  Ifiigtb 
on  the  shaft  ovt-r  which  tt)  be  sli[)j)ed  bat^k. 

Tlie  clamp  coupling  ie  a  good  coupling  for  iiuHleratt^- sized 
shufte,  where  tlie  flaiifje  tj'pe  of  Fig.  51  would  \>e  unnecessarily 
expensive.  TIio  clamp  coupling.  Fig.  52,  is  simply  a  muff  coui>Iing 
split  in  halves,  and  recessed  for  bolta.  It  is  cheap  and  is  easily 
applied  and  removed,  even  with  a  crowded  shaft.  If  horetl  with  a 
piece  of  papi'r  in  tlie  joint,  when  it  is  clamped  in  position  it  will 
pinch  the  shaft  tightly  and  make  a  rigid  connection.  It  is  desir- 
able to  have  the  bolt-heads  protected  as  much  as|x)ssible,  and  this 
may  lie  accomplished  by  making  the  outside  diameter  large  enough 
BO  that  the  Imlts  wilt  not  ]irojeet.  Often  an  additional  shell  is 
provided  to  encase  the  coiipiinjr  eoinjiletely  after  it  is  lociileii. 


l-lR.    St. 


of 


There  are  many  other  sjieeial  formi?  of  coiijtHngs 
them  adjnstul)te,  ilost  of  them  dp|H'nd  u|ioii  ti  we<lging  action 
exerted  by  taper  eone.-i,  screws,  or  keys.  Trade  eataloguew  are  to 
lie  sought  for  their  description. 

The  claw  coupling.  Fig.  rj;!.  is  nothing  but  a  heavy  Hange 
coupling  with  interlocking  claws  or  jaws  on  the  faces  of  the  flanges, 
to  take  the  place  of  the<Iriving  bolts.  This  coupling  eaii  !*■  thrown 
in  or  out  as  desired,  altbongli  it  usually  jH^rforniH  the  service  of  a 
rigid  coupling,  as  it  in  not  suite<l  toclutehing-in  during  rapid  mo- 
tion, like  a  friction  clutch. 

Flexible  eoupliugs,  which  allow  slight  lack  of  alignment,  are 
made  by  introducing  N-tween  tlie  flanges  of  a  coupling  aflexible 
disc,  the  one  flange  Ix-ing  fastenwl  to  the  inner  ciri'le  of  the  disc, 
the  other  to  the  outer  circle.  This  is  also  Hccx>m]tliBhed  by  pro- 
viding  the  faces  of  the  flange  coupling  with  pins  that  drive  by 
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pressure  together  or  through  leather  straps  wrapj)ed  round  the 
pins.  These  devices  are  mostly  of  a  special  and  often  uncertain 
nature,  lacking  the  positiveness  which  is  one  essential  feature 
of  a  good  coupling. 

PROBLEMS  ON  COUPLINGS. 

1.  A  flange  coupling  of  the  type  of  Fig.  51  is  usea  on  a  shaft 
2  inches  is  diameter.  The  hub  is  3  inches  long,  and  carries  a 
standard  key,  of  projxirtions  indicated  below  in  the  table  of  *'Pro- 
portions  for  Gib  Keys"  (page  166).  The  bolt  circle  is  7  inches 
in  diameter,  and  it  is  desired  to  use  ^-inch  bolts.  How  many 
bolts  are  needed  to  transmit  60,000  inch-lbs.,  for  a  liber  stress  in 
the  lK)lt  of  6,000  ? 

2.  Using  6  bolts,  what  diameter  of  bolt  would  be  required  ? 

3.  If  four  |-inch  bolts  were  used  on  a  circle  of  8  inches  di- 
ameter, what  diameter  of  shaft  would  he  used  in  the  coupling  to 
give  e(pial  strength  with  the  l)olts  ? 

BOLTS,  STUDS,  NUTS,  AND  SCREWS. 

N(Xl'AT10N— The  following  uotutlon  is  used   lhrouf?liout  llie  chapter  on  BoUn,  Studs, 

Nuts,  and  Screws: 


it    -   Diameter  of  boll  (Inches). 

<l\  --  Diameter  at  r<M)t  of  thread   (in- 
ches). 

H  -  Heightof  nut  (inches). 

I     -  Initial  axial  tension  (lbs.). 

k    -  Allowable  bearing  pressure  on  sur- 
face of  thread  (lbs.  jwr  .s(i.  in.). 

L  "  I.^a<l.  or  distance  nut  uilvanccs 
along  axis  in  one  revolution 
(inches). 


n 
V 


S 


-  Length  of  wrench  handle  (inches) 

// 

-  Number  of  threads  in  nut=  — . 

P 
■--  Axial  load  (lbs.). 

-  ritch  of  thread,  or  distance  be- 
tween similar  points  on  adjacent 
threads,  measured  parallel  to 
axis  (inches). 

-  Fiber  stress  (lbs.  ijev  .sq.  in.). 


W  =  l^oadon  bolt  (lbs.), 


Fig.  54. 

ANALYSIS.  A  bolt  is  simply  a  cylindrical  bar  of  metal 
U{)8et  at  one  end  to  form  a  head,  and  having  a  thread  at  the  other 
end,  Fig.  54.  A  stud  is  a  bolt  in  which  the  head  is  replaced  by 
a  thread;  or  it  is  a  cylindrical  bar  threaded  at  both  ends,  usually 
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having  a  small  plain  portion  in  the  middle,  Fig.  55.  Tbe<Ai)«t 
of  bolts  and  stnds  ia  to  clamp  Tnachine  parts  together,  udj^ 
permit  those  same  parts  to  be  readily  disconnected.  The  Mt 
passes  throngh  the  pieces  to  be  connected,  and,  when  ^tencd, 
canses  surface  compresaion  between  the  parts,  while  the  Toctiow 
on  the  head  and  not  produce  teDsiou  in  the  bolt.  Studs  isd  tif 
bolts  pass  throngh  one  of  the  oonnected  parts  and  are  scie*^ 
into  the  other,  the  stnd  remaining  in  position  when  the  psrts  u* 
diBconnected. 

As  all  materials  are  elastic  within  oertain  limits,  the  KtioB  '^ 


Fig.  3.00. 


n  bolt  ill  (-laiiij)iii<j;  twu  iiiachinu  ]Htrts  together,  more  especially  if 
tbiTo  is  an  elastic  jutcking  between  them,  may  be  represented 
dia^rHnnnatically  by  Fig,  5(S,  in  which  a  spring  has  been  introduced 
to  take  tin;  L-oiiipri'ssiun  dne  to  screwing  up  the  nut.  Evidently 
the  tension  in  tlii>  bolt  itf  eqnal  to  the  furce  necessary  to  compress 
the  spring.  Now,  suppose  that  two  weights,  each  equal  to  j  W, 
are  pla<-e<l  synimt^trieaily  on  either  Hide  of  the  bolt,  then  the  tension 
in  the  bolt  will  be  iiicreasHl  by  the  added  weights  if  the  lx>It  is 
jXTfet'tly  rigitl.  Tin-  holt,  Iiowever,  Hlretehes;  hence  some  of  tlie 
coTiiprt'ssion  on  tlie  sjiHiig  im  relieves!  and  the  total  tension  in  the 
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bolt  is  less  than  W  +  I,  by  an  amonnt  depending  on  the  relative 
elasticity  of  the  bolt  and  spring. 

Sappose  that  the  stud  in  Fig.  55  is  one  of  the  studs  connect- 
ing the  cover  to  the  cylinder  of  a  steam  engine,  and  that  the  studs 
lutve  a  small  initial  tension;  then  the  pressure  of  the  steam  loads 
each  8tad,  and,  if  the  studs  stretch  enough  to  relieve  the  initial 
pr^esenre  between  the  two  surfaces,  then  their  stress  is  due  to  the 
steam  pressure  only;  or,  from  Fig.  56,  when  I  =  W  ;  the  initial 
pr'^Sfiure  due  to  the  elasticity  of  the  joint  is  entirely  relieved  by  the 
•ssumed  stretch  of  the  studs.  Except  to  prevent  leakage,  it  is 
^Mom  necessary  to  consider  the  initial  tension,  for  the  stretch 
of  tbe  bolt  may  be  counted  on  to  relieve 
^kig  force,  and  the  working  tension  on  the 
'^olt  is  simply  the  load  applied. 

For  shocks  or  blows,  as  in  the  case 
of  the  bolts  found  on  the  marine  type  of 
connecting-rod    end,   the   stretch    of  the 
bolts  acts  like  a  spring  to  reduce  the  re- 
salting  tensions.     So   important   is  this 
feature  that  the  body  of  the  bolt  is  fre- 
quently turned  down  to  the  diameter  of 
the  bottom  of  the  thread,  thus  uniformly 
distributing  the  stretch  through  the  full 
length  of  the  bolt,  instead  of  localizing  it 
at  the  threaded  parts. 

In  tightening  up  a  bolt,  the  friction 
at  the  surface  of  the  thread  produces  a  twisting  moment,  which 
increases  the  stress  in  the  bolts,  just  as  in  the  case  of  shafting 
under  combined  tension  and  torsion;  but  the  increase  is  small  in 
amount,  and  may  readily  be  taken  care  of  by  permitting  low  values 
only  for  the  fiber  stress. 

In  a  flange  coupling,  bolts  are  acted  upon  by  forces  perpen- 
dicular to  the  axis,  and  hence  are  under  pure  shearing  stress.  If 
the  torque  on  the  shaft  becomes  too  great,  failure  will  occur  by 
the  bolts  shearing  off  at  the  joint  of  the  coupling. 

A  bolt  under  tension  communicates  its  load  to'the  nut  through 
the  locking  of  the  threads  together.  If  the  nut  is  thin,  and  the 
number  of  threads  to  take  the  load  few,  the  threads  may  break  or 


Fig.  56. 


ao5 
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shear  off  at  the  root.  With  a  V  thread  there  ia  produced  » win. 
iionent  force,  perpendicular  to  the  axis  of  the  bolt,  which  lendiW 
8|<litthe  nut. 

In   screws  for  t^ontiauouB  transmission  of  motion  and  power, 
the  thread  may  be  compared  to  a  rough  iiicUiied  plane,  on  vbichi 
filial]  block,  the  nut.  is  being  pushed  upwani  by  a  force  pamllel  Ki 
the  base  of  the  ])lane.     The  angle  at  the  bottt^itn  of  the  pUneistba 
angle  of  the  helix,  or  an  angle  whose  tangent  is  the   lead  divided 
by  the  circumference  of  the  screw.      The  horizontal  for^e  roirt- 
tijionds  to  the  tangential  force  on  the  screw.     The  friction  at  the 
surftweof  the  thread  produces  a  twisting  moment  about  the  axis  of 
the  screw,  which,  combined  with  the  axial  hmd,  subjects  the  bcfsk 
to  combined  tension  and  torsion.     Screws  with  square  threads  ara 
generally  used  for  thie  service,  the  sides  of  the  thread  exerting  no 
bursting   pressure  on   the  nut.     The  proportions  of  screw  thread 
for  traneniission  of  power  dejwnd  more  on  the  liearing  pressure 
than  on  strength.     If  tlie  bearing  surface  be  too  small  and  lubrica- 
tion poor,  the  screw  will  cut  and  wear  rapidly. 

THEORY.  A  direct  tensile  Btresa  is  induced  in  a  Iwll  when 
it  carries  a  load  exerted  along  itu  axis.  This  load  must  be  taken 
by  the  section  of  the  bolt  at  the  bottom  of  the  thread.      If  the  are* 

at  the  root  of  the  thread  is  — ji—,  and  if  S  ia  the  allowable  atrees 

per    square    inch,    then    the    internal    resistance   of   the    bolt    is 

^^ '-.    Equating  the  external  load  to  the  internal  strength  we  have: 

W  =  ^.  (98) 

For  bolts  which  are  used  to  clamp  two  machine  parts  tt^ethei 
so  that  they  will  not  se]>arate  under  the  action  of  an  applied  load, 
the  initial  tension  of  the  bolt  must  be  at  least  equal  to  the  applied 
load.  If  the  applied  load  is  W,  then  the  parts  are  just  about  to 
R'parate  when  I  =  AV.  Therefore  the  above  relation  for  strength 
is  applicable.  As  the  initial  tension  to  prevent  separation  should 
l>e  a  little  greater  than  \V,  a  value  of  S  should  be  chosen  so  that 
there  will  be  a  margin  of  safety.  For  ordinary  wrought  iron  and 
steel,  S  may  be  taken  at  l),(JOO  to  8,000. 
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If,  however,  th«  jointe  must  be  such  that  there  is  do  leakage 
between  the  surfaces,  ae  in  the  case  of  a  steam  cylinder  head,  and 
snpposiDg  that  elastic  packings  are  placed  in  the  joints,  then  a 
maeh  larger  margin  should  be  made,  for  the  maximum  load  which 
m»y  come  on  the  bolt  is  I  +  W,  where  W  is  the  proportional 
fWof  the  internal  pressure  carried  by  the  bolt.  In  such  cases 
S  =  3,000  to  5,000,  using  the  lower  value  for  bolts  of  less  than 
J-incb  diameter. 

The  table  given  on  j)age  154  will  be  found  very  useful  in  pro- 
portioning bolts  with  U.  8.  standard  thread  for  any  desired  fiber 
etress. 

To  rind  the  initial  tension  due  to  screwing  up  the  nut,  we 


Pig.  56o. 
may  assume  the  length  of  the  handle  of  an  ordinary  wrench,  meas- 
ured from  the  center  of  tha  bolt,  as  about  16  times  the  diameter 
of  the  bolt.  For  one  turn  of  the  wrench  a  force  F  at  the  handle 
would  pass  over  a  distance  inl,  and  the  work  done  is  equal  to  the 
product  of  the  force  and  s|tace,  or  F  X  ^ttI.  At  the  same  time 
the  axial  load  P  would  be  moved  a  distance  p  along  the  axis. 
AsEuaiing  that  there  is  no  friction,  the  equation  for  the  equality 
of  the  work  at  the  handle  and  at  the  screw  is: 


F2ir;  =  Pp. 


(99) 


Friction,  however,  is  always  present;  hence  the  ratio  of  the  useful 
work  (P/»)  to  the  work  applied  (F2jr^)  is  not  unity  as  above  re- 
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sassnme.  From  numerous  experiiaents  on  the  friz^ca  of 
I'saod  nuts,  it  has  been  found  that  the  efficiency  may  be  as 
IS  10  per  cent.  Introducing  the  efficiency  in  above  eqaation, 
ij  be  written: 

Fy    „  1 
VZrrl       10' 


(lOO) 


ABsuming   that    5U   pounds   is   exerted    by   a   workman 


^ 


Fig.  58. 
tightening  up  the  nut  on  ii  l-inch  bolt,  tlie  equation  above  Bhows 
ibat  P  =^  i,0'21   pounds;  or  the    initial  tension  is  aoitiewhat  less 
than  the  tabular  safe  load  shown  for  a  1-incb  bolt,  with  S  assumed 
at  10,000  ponnda  jjer  sq,  inch. 

For  shearing  stresses  the  bolt  should  be  titteti  so  thp.t  the  body 
of  the  boll,  not  the  threads,  resists  the  force  tendinir  to  shear  off 
the  bolt  perpendicular  to  its  axis.  The  internal  strength  of  the 
holt  to  resist  shear  is  the  allowable  stress  S  times  the  area  of  the 


If  W  represents  the  external  force  tending 


bolt  in  shear,  or— 

to  shear  the  bolt  the  equality  of  the  external  force  to  the  internal 
Btrength  is  : 

w  =  -?5i'.  (loi) 
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Ileference  to  the  table  on  page  154  for  the  shearing  atrength  of 
bolts,  may  be  made  to  save  the  labor  of  calculations. 

Let  Fig.  58  represent  a  square  thread  screw  for  the  transmis- 
sion of  motioli.     The  surface,  on  which  the  axial  pressure  bears,  if 

n  is  the  number  of  threads  in  a  nut,  is  _   -  (V*  —  fJi)  ii.     Suppose 

4: 

that  a  j)ressure  of  I'  pounds  ])er  s(juare  inch  is  allowed  on  the 
surface  of  the  thread.  Then  the  greatest  permissible  axial  load  1* 
must  not  exceed  the  allowable  ])ressure;  or,  e(juating. 

The  value  of  k  varies  with  the  service  required.  If  the  motion  bo 
slow  and  the  lubrication  very  good,  Jc  may  be  as  high  as  UOO.  For 
rapid  motion  and  doubtful  lubrication,  X*  may  not  be  over  200. 
Between  these  extremes  the  designer  must  use  his  judgment, 
remembering  that  the  higher  the  speed  the  lower  is  the  allowable 
bearing  pressure. 

PRACTICAL  MODIFICATION.  It  will  be  noted  in  the 
formulsB  for  bolt  strengths  that  different  values  for  S  are  assununl. 
This  is  necessary  on  account  of  the  uncertain  initial  stresses  which 
are  produced  is  setting  uj)  the  nuts.  For  cases  of  nuMv  fastening, 
the  safe  tension  is  high,  as  just  befort*  the  joint  opens  the  tension 
is  about  eciual  to  tlie  load  and  vet  tlie  fasten intr  is  seeun*.  On 
the  other  hand,  bolts  or  studs  fastening  joints  snbjeetrd  to  internal 
fluid  pressure  must  be  stressed  initially  to  a  greater  amount  than 
the  working  ])ressure  which  is  to  come  on  the  bolt.  As  this  initial 
stress  is  a  matter  of  judgment  on  the  part  of  the  workman,  the 
designer,  in  order  to  be  on  the  safe  side,  should  specify  not  less 
than  '^-inch  or  '^-inch  i»olts  for  ordinary  work,  so  that  the  bolts 
may  not  be  broken  oif  by  a  careless  workman  accidentally  puttintr 
a  greater  force  than  necessary  on  the  wrench  handle.  In  making 
a  steam-tight  joint,  the  spacing  of  the  bolts  will  generally  deter- 
mine their  numbcT;  hence  we  often  find  an  excess  of  bolt  strenirih 
in  joints  of  this  character. 

Through  bolts  are  ])referred  to  studs,  and  studs  to  tap  IwltB 
or  cap  screws.  If  j)Ossible,  the  design  should  be  such  that  through 
bolts  may   be   used.     They  are  cheapest,  are  always  in   standanl 


310 


MACHIISE  DESIGN  157 

■  —         ■ 

stock,  and  well  resist  rough  usage  in  connecting  and  disconnecting. 
The  threads  in  cast  iron  are  weak  and  have  a  tendency  to  crumble; 
and  if  a  through  bolt  cannot  be  used  in  such  a  case,  a  stud,  which 
can  be  placed  in  position  once  for  all,  should  be  employed — not  a 
tap  bolt,  which  injures  the  thread  in  the  casting  every  time  it  is 
removed. 

The  plain  portion  of  a  stud  should  be  screwed  up  tight 
against  the  shoulder,  and  the  tapped  hole  should  be  deep  enough 
to  prevent  bottoming.  To  avoid  breaking  off  the  stud  at  the 
shoulder,  a  neck,  or  groove,  may  be  made  at  the  lower  end  of  the 
thread  entering  the  nut. 

To  withstand  shearincr  forces  the  bolts  must  be  fitted  so  that 
no  lost  motion  may  occur,  otherwise  pure  shearing  will  not  be 
secured. 

Nuts  are  generally  made  hexagonal,  but  for  rough  work  are 
often  made  square.  The  hexagonal  nut  allows  the  wrench  to  turn 
through  a  smaller  angle  in  tightening  up,  and  is  preferred  to  the 
s(juare  nut.  Experiments  and  calculations  show  that  the  height 
of  the  nut  with  standard  threads  may  be  about  i  the  diameter  of 
the  bolt  and  still  have  tha  shearing  strength  of  the  thread  equal  to 
the  tensile  strenirth  of  the  bolt  at  the  root  of  the  thread.  Practi- 
cally,  however,  it  is  difficult  to  apply  such  a  thin  wrench  as  this 
proportion  would  call  for  on  ordinary  bolts.  More  commonly  the 
height  of  the  nut  is  made  equal  to  the  diameter  of  the  bolt  so  that 
the  length  of  thread  will  guide  the  nut  on  the  bolt,  give  a  low 
bearing  pressure  on  the  threads,  and  enable  a  suitable  wrench  to 
be  easily  applied.  The  standard  proportions  for  bolts  and  nuts 
may  be  found  in  any  handbook.  Not  all  manufacturers  conform 
to  the  United  States  standard;  nor  do  manufacturers  in  all  cAses 
conform  to  one  another  in  practice. 

If  the  bolt  is  subject  to  vibration,  the  nuts  have  a  tendency  to 
loosen.  A  common  method  of  preventing  this  is  to  use  double 
nuts,  or  lock  nut5»  as  they  are  called  (see  Fig.  55  A).  The  under 
nut  is  screwed  tightly  against  the  surface,  and  held  by  a  wrench 
while  the  second  nut  is  screwed  down  tightly  against  the  first. 
The  effect  is  to  cause  tlie  threads  of  the  upper  nut  to  bear  against 
the  under  sides  of  the  threads  of  the  bolt.  The  load  on  the  bolt  is 
sustained  therefore  by  the  upper  nut,  which  should  be  the  thicker 
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of  tbe  two ;  bnt  for  eonTenience  in  applying  wrenchefl  the  pw 
of  tbe  DDts  is  often  revereed. 

The  form  of  thread  adapted  to  tranamittiDg  power  it  tbt 
sqnare  thread,  which,  although  giving  lesB  bnrBting  ptCMOt 
on  the  nut,  is  not  as  strong  as  the  V  thread  for  a  giv^n  lenglk, 
since  the  total  section  of  thread  at  the  bottom  is  only  ^  as  greiL 
If  tbe  presenre  is  to  be  tranemitted  in  hot  one  direction,  the  tm 


types  may  be  combined  advantageously  to  form  the  buttTeas  thread 
of  the  proportions  shown  in  Fig.  5i).  Often,  as  in  Uie  carriage  of 
a  lathe,  to  allow  the  split  nut  to  be  opened  and  closed  orer  tbe  lead 
screw,  the  sides  of  the  thread  are  placed  at  a  small  aogle,  say  15", 
to  each  other,  as  illustrated  in  Fig.  60. 

The  practical  commercial  forms  in  which  ww  find  screwed 
fastenings  are  included  in  live  classes,  as  follows: 


.h-™" 


1.  Through  bolts  (Fig.  61),  usnally  rough  stock,  with  st^narc 
upset  heads,  and  sijiiare  or  hexagonal  nuts. 

2.  Tap  bolts  (Fig.  03),  also  culled  cap  screws.  These  osn- 
ally  Iiavf  liexsgonnl  licadrt.  and  are  found  both  in  the  rough  form, 
and  tinishud  from  tJie  rolled  hexagonal  bar  in  tbe  screw  machine. 

3.  Studs  (Fig.  ti;i(,  rough  oc  finished  stock,  threaded  in  tliv 
Bcrew  machine. 

4.  Set  screws  (Fig.  64),  usually  with  sqnare  beads,  and 
uase-hardened  points.     Many  varieties  of  set  screws  are  made,  thti 
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principal  distioguistiing  feature  of  i.'&ch  being  in  the  shape  of  the 
point.    Thas,   in   addition  ■  to  the   plain   beveled  point,  we   find  • 
ihc "  capped,"  roanded,  conical,  and  "  teat "  points. 


Fig.  61.  Pig.  62.  Pig.  6a 

5.  Machine  screws  (Fig.  64ti),  usually  round,  "button," 
r  countersunk  bead.  Commou  proportions  are  indicated  relative 
Q  diameter  of  body  of  screw. 


Fig.  61. 
PROBLBnS  ON  BOLTS,  STUDS,  NUTS,  AND  SCREWS. 
1.     Calculate    the   diameter  of   a  bolt   to  sustain  a  load  of 
i,000Ib8. 
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2.  The  Bhearing  force  to  be  reaieted  by  each  of  the  boitB  of  a 
flange  coupliiiir  is  1.2U0  lbs.  What  ooininercial  size  of  holt  is 
required  'i 

3.  With  a  wrench  10  times  the  diameter  of  the  boll,  and  an 
efHciency  of  10  per  cent,  what  axial  load  can  a  man  exert  od  a 
standard  |-inch  holt,  if  he  |mMB  40  lbs.  at  the  end  of  the  wrench 
handle  ? 

4.  A  single,  square- threaded  screw  of  diameter  2  inches, 
lead  J  inch,  depth  of  thread  J  incli,  length  of  nut  3-  inches,  is  to 
be  allowed  a  bearing  pressure  of  UOO  lbs.  per  square  inch.  What 
axial  load  can  be  carried  '. 

5.  Calculate  the  sheariug  wtress  at  the  root  of  the  thread  in 
problem  4. 


KEVS,  PINS,  AND  COTTERS. 

NOTATION— ThP  lollowlnB  notation  Ik  ushI  Ihrouijlioul  the  itiii|iter  on  I 


1>  =  ArerHgvillninvtvrnt  rofl  (Inchps). 

ST  =  .'Aafe  shearing  liber  -.tress  (lbs 

Di  =  ()mslile   lUimidpr  o(    sockel 

\>er  sq.  In.). 

cles). 

S,  =Sa(e  tensile  liber  stress  (1b«.i«T 

'/    =  Dliiinpiur  tjt  shjifl  (Ineber*). 

sq.ln.). 

1,  =  L«nglh  of  key  (Inchi^), 

T  =  Thiirkness  of  key  (Inebos), 

P  =  Driving  torop  (lbs.). 

W  =  Width  o(  kej-  (Inches). 

Pi  =  Ailal  loud  cm  rod  (llw.). 

«■   =  Average  width  or  colter  (Inche 

K  =  Radius  at  wblcli  Paot^  (Inche 

i-\  =  End  of  slot  to  end  ot  rod  (Inch 

Sc  =  Siife  cruahlnK  HIkt  sin-sti  (lb 

>r-^  =  Knd  i)f  slot  10  end  of  socket 

per  5q.  In.), 

ohesil. 

KEYS  AND  PINS. 
ANALYSIS.     Keys   and    pins   are   used  to  prevent   relative 
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rotary  motion  between  machine  parts  intended  to  act  together  as 
one  ]uece.  If  we  drill  completely  through  a  hub  and  across  the 
shaft,  and  insert  a  tightly  fitted  pin,  any  rotary  motion  of  the  one 
will  he  transmitted  to  the  other,  provided  the  pin  does  not  fail  by 
shearing  off  at  the  joint  between  the  shaft  and  the  hub.  The 
shearing  area  is  the  sum  of  the  cross -sections  of  the  pin  at  the 
joint. 

We  may  drill  a  hole  in  the  joint,  the  axis  of  the  hole  being 
parallel  to  the  axis  of  the  shaft,  and  drive  in  a  pin,  in  which  case 
we  introduce  a  shearing  area  as  before,  but  the  area  is  now  equal 
to  the  diameter  of  the  pin  multiplied  by  its  length,  and  the  pin  is 
stressed  sidewise,  instead  of  across.  It  is  evident  in  the  sidewiso 
case  that  we  may  increase  the  shearing  area  to  anything  we  please, 
without  changing  the  diameter  of  the  pin,  merely  by  increasing 
the  length  of  the  pin. 

As  there  are  some  manufacturing  reasons  why  a  round  pin 
placet!  lengthwise  in  the  joint  is  not  always  applicable,  we  may 
make  the  pin  a  rectangular  one,  in  which  case  it  is  called  a  key. 

A\^en  pins  are  driven  across  the  shaft  as  in  the  first  instance, 
they  are  usually  made  taper.  This  is  because  it  is  easier  to  ream 
a  taper  hole  to  size  than  a  straight  hole,  and  a  taper  pin  will  drive 
more  easily  than  a  straight  pin,  it  not  being  necessary  to  match  the 
hole  in  hub  and  shaft  so  exactly  in  order  that  the  pin  may  enter. 
The  taper  pin  will  draw  the  holes  into  line  as  it  is  driven,  and  can 
be  backed  out  readily  in  removal. 

Keys  of  the  rectangular  form  are  either  straight  or  tapered, 
but  for  different  reasons  from  those  just  stated  for  pins.  Straight 
keys  have  working  bearing  only  at  the  sides,  driving  purely  by 
shear,  crushing  being  exerted  by  the  side  of  the  key  in  both  shaft 
and  hub,  over  the  area  against  the  key.  The  key  itself  does  not 
prevent  end  motion  along  the  shaft;  and  if  end  motion  is  not 
desired,  auxiliary  means  of  some  sort  must  be  resorted  to,  as,  for 
example,  set  screws  through  the  hub  jamming  hard  against  the  top 
of  the  key. 

If  end  motion  along  the  shaft  is  desired,  the  key  is  called  a 
spline,  and,  while  not  jammed  against  the  shaft,  is  yet  prevented 
from  changing  its  relation  to  the  hub  by  some  means  such  as 
illustrated  in  Fig.  C5. 
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Taper  keys  not  only  drive  through  sidewise  shearing  strength, 
but  prevent  endwise  motion  by  the  wedging  action  exerted  between 
the  shaft  and  hub.  These  keys  drive  more  like  a  strut  from  corner  to 
corner;  but  this  action  is  incidental  rather  than  intentional,  and  the 
proportions  of  a  taper  key  should  be  such  that  it  will  give  its  full 
resisting  area  in  shearing  and  crushing,  the  same  as  a  straight  key. 


Fig.  65. 

THEORY.     Suppose  that  the  pin  illustrated  in  Fig.  66  passes 

through  hub  and  shaft,  and  the  driving  force  P  acts  at  the  radius 

R;  then  the  force  which  is  exerted  at  the  surface  of  the  shaft  to 

2  PR 
shear  off  the  pin  at  the  points  A  and  B  is   -     i  -.     If  Di  is  the 

average  diameter  of  the  pin,  its  shearing  strength  is 1 — —, 

Equating  the  external  force  to  the  internal  strength,  we  have  : 

2PK        2^D,^. 


or. 


^.-yj 


4PR 


TrrfS, 


("03) 


In  Fig.  67  a  rectanguhir  key  is  sunk  half  way  in  hub  and 
shaft  according  to  usual  ])ractice.     Here  the  force  at  the  surface 
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of  the  shaft,  oalcnlated  the  same  as  before,  not  only  tends  to  shear 
off  the  key  along  the  line  AD,  but  tends  to  crush  both  the  por- 
tion in  the  shaft  and  in  the  hnl).     The  shearing  strength  along  the 


line  AB  is  LWS,. 
we  have: 


Fin.  67. 
Equiitlii^  external  foree  to  internal  stitjngth, 


~ir~ 


2PK 


(104) 


The  crushing  strength  is,  of  couise,  that  due  to  the  weaker 

metal,  whether  in  shaft  or  hub.     l^et  S^  be  this  least  safe  crushing 

LT 
fiber  stress.     The  crushinir  strength  then  i.^  -  ^  S^,  and,  equating 

external  force  to  internal  strengtli,  we  )iavt> : 

2PR       LT 


4PR 

nfr.s/ 


(■OS) 


The  proportione  of  tbe  key  must  Iji^  aiicb  that  the  equations  as 
above,  both  for  shearing  and  fur  (;riisliin^,  shall  be  satisfit^l. 

PRACTICAL  MODIFICATION.  PiDS  across  the  shaft  can  be 
ased  to  drive  light  work  only,  for  tbe  shearing  area  cannot  be  very 
largt).  A  large  pin  cuts  away  too  much  area  of  the  shaft,  decreatt- 
'.Dgtbelatter's strength,  Pinsareuseful  in  preventingond motion, 
bnt  in  this  cbbo  are  expected  to  take  no  shear,  and  may  be  of  small 
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diameter.  The  commun  split  pin  is  especially  adapted  to  ifc*^*" 
aemce,  and  is  a  etandarii  commercial  article. 

Taper  pina  are  usually  listed  according  to  tlie  Murae  Btanda^^* 

taper,  proportions  of  wbit^li  may  bo  found  in  any  liandbook. ■" 

ia  desirable  to  use  standinl  taper  pins  in  nifwhiiie  eonatniction,  ^^ 
tilt;  reamers  are  a  commercial  article  of  accepted  valne,  and  r<«dil_^ 
obtainable  in  the  machine-tool  market. 

With  properly  fitted  keys,  the  shearing  i^trength  is  ususUvdC 
the  controlling  element.  For  shafts  of  ordinary  size,  tlie  suiidar^^ 
proportions  as  given  in  tables  like  that  below  are  safe  euoagli-* 
without  calculation,  up  to  the  limit  of  torsional  strength  of  the^ 
shaft.  For  special  eases  of  short  hubs  or  heavy  loads,  a  calcula-  - 
tion  is  needed  to  check  the  size,  and  perhaps  modify  it. 

Splines,   also   known    as    "  feather   keys,"  requ 
greater  than  regular  keys,  on  account  of  the 
sliding  at  the  sides,     A  table  snggestiug 
pro[K)rtiona  for  splines  is  given  on  page  lU'l. 

Though  the  spline  may  be  either  in  the 
abaft  or  hub,  it  is  the  more  usual  thing  to 
find  the  spline  dovetailed  (Fig.  67o), 
"gibbed,"  or  otherwise  fastened  in  the 
hub;  and  a  long  spline  way  made  in  the 
shaft,  in  which  it  elides. 

The  straight  key,  accurately  fitted,  is 
the  most  desirable  fastening  device  for  ac- 
curate machines,  such  as  machine  tools,  on  account  of  the  fact  that 
there  is  absolutely  no  radial  force  exerted  to  throw  the  parts  out  of 
true.     It,  however,  requires  a  tight  fit  of  hub  to  shaft,  as  the  key 
cannot  he  relied  upon  to  take  up  any  looseness. 

The  taper  key  (Fig.  *>8),  by  its  wedging  action,  will  take  np 
some  looseness,  but  in  so  doing  throws  the  parts  out  slightly. 
Or,  even  If  the  bored  fit  l>e  good,  if  the  taper  key  be  not  driven 
home  with  tare,  it  will  spring  the  hub,  and  make  the  parts  ran 
untrue.  The  great  advantage,  however,  that  the  taper  key  baa  of 
holding  the  hub  from  endwise  motion,  renders  it  a  very  nsefal 
and  practical  article.  It  is  usually  provided  with  a  head,  or  "  gib," 
which  perniita  a  draw  hook  to  be  used  to  wedge  between  the  face 
of  the  hub  and  the  key  to  facilitate  starting  the  key  from  its  seat. 


Fig.  era. 
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Two  keys  at  1)0°  from  each  otlier  may  be  used  in  cases  where 
one  key  will  not  anflice.  The  fine  workmanehip  involved  in 
epaciog  these  keys  so  that  they  will  drive  equally  makes  this  plan 
iDadviaable  except  in  case  ef  positive  and  unavoidable  necessity. 

The  "Woodruff"  key  (Fig.  61))  is  a  useful  patented  article 
for  certain  locations.     This  key  is  a  half-disc,  sunk  in  the  shaft 


-r   I       MK      ^TAPER  ^     PER  FT. 


Fig.  68. 

and  the  hub  is  slipped  over  it.  A  simple  rotary  cutter  is  dropped 
into  the  shaft  to  produce  the  key  seat;  and  on  account  of  the 
depth  in  the  shaft,  the  tendency  to  rock  sJdewise  is  eliminated, 
and  the  drive  is  purely  liy  shear. 

Keys  may  lie  milled  out  of  solid  stock,  or  drop  forced  to 
within  a  small  fraction  of  finisheil  siKe.  The  drop  forged  key  le 
an   excellent    nuMlern    jiroduction  imd  rnjuires    but  a  minimum 


Fig.  89. 


amount  of  fitting.  Any  key,  no  mattt-r  how  produced  rc(|uireB 
some  hand  fitting  and  draw  tiling  tu  bring  it  projierly  to  its  seat 
and  give  it  full  bearing. 

It  is  good  mechanical  [wlicy  to  avoid  keyed  fastenings 
whenever  possible.  This  does  not  mean  that  keys  may  never  be 
used,  but  that  a  k.«y  is  "ot  an  ideal  waj  to  prodnui  an  ubHoliitely 
positive  drive,  partly  becau-se  it  is  an  expensive  device,  and  partly 
because  the  tendency  of  any  key  is  to  work  itself  loose,  even  if 
carefully  fitted. 

Tlie  following  tables  are  suggested  as  a  guide  U>  proportions 
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of  gib  keys  and  featber  keys,  and   will  be  found  usefnl   io  the. 
absence  of  any  manufacturer's  Htandard  list: 

Fin.  m.     PROPORTIONS  FOR  OIB  KEY3. 


Diameter  of  shaft  (d),  iDcbe!^. 
Width                   (W),  mchM. 
Thickncs               (T),  inches. 

i 

t'. 

4 

1 
i 

13 
J 

2 

2* 
{i 

1 

i       5 
W,   lA 

6* 

li 
U 

Fig.  71.     PROPORTIONS  POR  FEATHER  KEYS. 


Diameterof Shaft   (((|,  inches.     \ 
Width  (\V).  inches.     ,% 

Thickness  (T),  inches,      i 


COTTERS. 

ANALYSIS.  Cotters  are  used  to  fasten  hiiba  to  rods  rather 
than  shafts,  the  distinction  between  n  rod  and  a  shaft  being  that 
a  rod  takes  its  load  in  the  direction  of  its  length,  and  does  not 
drive  by  rotation.  A  cotter,  therefore,  is  nothing  but  a  cross-pin 
of  modified  form,  to  take  shearing  and  crushing  stress  in  the 
direction  of  the  axis  of  the  rod,  instead  of  perpendicular  to  it. 

lieferring  to  Fig,  73,  one  will  see  that  the  cotter  is  mad« 
long  and  thin-  -long,  in  order  to  get  sufficient  shearing  area  to  resist 
shearing  along  lines  A  and  1!;  thin,  in  order  to  cut  its  little  croBS- 
sectional  area  out  of  tlie  body  of  the  rihaft  as  possible.  The  cotter 
itself  teiiiU  til  shear  along  the  lines  A  and  B,  and  crnwh  along  the 
surfaces  K.  (!,  and  .T.  The  socket  tends  to  crush  along  the  surfaces 
K  and  G,  The  niJ  end  I)  tends  to  bo  sheared  out  along  the  lines 
C  H  and  Q  K,  and  also  lo  be  crushed  along  the  surface  J.  The 
socket  t^iuds  to  be  sheared  along  the  lines  V  V.  and  X  Y. 

The  cotter  is  made  tajier  on  one  side,  thus  enabling  it  to  draw 
up  the  flange  of  t!ie  rod  tightly  against  the  head  of  the  socket. 
This  taper  must  not  be  great  enough  to  ^lerinit  easy  "backing  out" 
:tnd  loosening  of  the  cotter  under  load  or  vibration  in  the  rod.  In 
responsible  situations  this  cannot  be  safely  guarded  against  except 
through  some  an\iliary  locking  device,  such  as  lock  nuts  on  the 
end  of  the  cotter  (Fig.  73). 

THEORY,  lieferring  to  Fig.  72,  assume  an  axial  load  of  P,, 
Ks  shown.     The  successive  equations  of  external  force  to  internal 
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nrangth  are  enumerated  balow,  for  tlie  differeiit  ttctioos  tlmt  take 

Fur  shearing   aluug   liuea  A  and  J!,  v)   being    the    average 
vidth  oF  cotter,  and  S,  safe  shearing  stress  of  cotter, 


:  2TwS,. 


(106) 


tzzj 


For  tTushing  along  surfaces  K  and  (i,  S^  being  least  i 
enisbing  stress,  whether  of  cutter  or  socket. 


I',  =  TlU,-D|y,. 


(107) 


For  crushing  along  snrtace  J,  8„  being  least  safe  crushir 
stress,  whether  of  cotter  or  socket. 


P,  ^-  Dl-ti^. 


(108) 
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For  I      ^ring  along  surfaces  CH  and  QE,  S,  Ijeing  aafo  Bhe::^^^ 
ing  stress  oi  rod  end,  aud  f,  end  of  dot  to  end  of  rod, 

1\  =  2wfiS,.  (,09) 

For  tension  in  rod  end  at  section   across   slot,  S,  being  b&^«? 
tensile  stress  iii  rod  end, 


For  tension  in  socket  at  seetioi 
sile  stress  in  socket, 

ttD' 


i-.=  L^^ 


TD)S,  (,10) 

across  slot,  S,  I)eing  safe  ten* 

-l\l>,-D)]Sj.         (ill) 

For  shearing  in  socket  along  the  lines  YU  and  XV,  S,  being 
safe  shearing  stress  in  the  socket,  and  w,  end  of  skit  to  end  of 
socket, 

ri  =  2«.,lD,-Il)S,  (113) 

The  pro[K>rtions  of  cotter  and  socket  may  be  fixed  to  some 
extent  by  practical  or  u 
snraed  conditions.  The  di- 
mensions may  tlien  be  tested 
by  the  above  ei)uationB,  that 
the  safe  workinij  stresses  may 
not  be  exceeded,  the  dimen- 
sions being  then  modified  ac- 
cordingly. 

The  steel  of  which  both 
cotter  and  nwi  would  ordina- 
rily be  made  has  range  of 
working    fiber    stress    as 

«)  I,.  ]2.noo  (Iba.  pel 

L'ompretision,  10,000  tu  16,000  (lbs. 

"   ■) 
Shear,  6,000  to  lO/WO  (llw.  per 
..q.  in.} 
The  socket,    if  made   of 
ngardu  tensioiL,  tendency  to  shear  out  at 


Fig,  T.t. 
nil  be  weak 
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*W    end,  and  tendency  to  split.    The  uncertainty  of  cast  iron  to 

^t'sist  these  is  so  great  that  the  hnb  or  socket  mast  be  very  clumsy 

^ft  ordtrto  have  enough  surplus  strength.     This  is  always  a  notice- 

*Me  fuiture  of  the  cotter  type  of  fastening,  and  cannot  well  he 

Voided. 

PRACTICAL  MODIFICATION-  Th»  driving  faces  of  the  cot- 
tar are  often  made  semi  circular.  This  not  only  gives  more  shear. 
iDir  area  at  the  sides  of  the  slots,  but  makes  the  production  of  the 
slots  easier  in  the  shop.  It  also  avoids  the  general  objection  to 
slisrp  corners — ^namely,  a  tendency  to  start  cracks. 

A  practicable  taper  for 
cotters  is  ^  inL-h  jwr  foot. 
Tliis  will  under  ordinary 
eircunistances  prevent  the 
cotter  from  backing  out 
under  the  a(.'tion  of  the  load,      ^^^^i 

AVIicn    set    screws  against 

the  Bide  of  the  cotter,  or 
Iwk  nuts  are  used,  as  in 
Fig.  78,  the  taj)er  may  be 
greater  than  this,  |)erhaps 
ad  much  as  11   inches  fier  1  *-  -U  'i^ 

foot.  "^H-.-— -ij  ..  ^ ^ 

In  the  common  use  of 
the  cotter  for  holding  the  Fig.  71. 

straf)  at  the  ends  of  con- 

nei^ting  rods,  the  strap  H<.-ts  like  a  modified  form  of  socket.  This  is 
shown  in  Figs.  VSJ  and  74.  Here,  in  addition  to  holding  the  straji 
and  rod  together  lengthwise,  it  may  be  necessary  to  prevent  their 
spreading,  and  for  this  purpose  an  auxiliary  piece  G  with  gib  ends 
ie  need.  The  tendency  without  this  extra  piece  i3  shown  by  the 
dotted  lines  in  Fig.  74. 

The  general  mechanical  fault  with  cottered  joints  is  that  the 
action  of  the  load,  especially  when  it  constantly  reverses,  as  in 
pomp  piston  rods,  always  tends  to  work  the  cotter  loose.  Vibra- 
tion also  tends  to  produce  the  same  effect.  Once  this  looseness  is 
started  in  the  joint,  the  cotter  loses  its  pure  crushing  and  shearing 
action,  and  begins  to  jwrtake  of  the  nature   of  a   hammer,  and 
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poonda  itsolf  and  its  Ixtariiig  enrfaces  out  uf  tbeir  tru«  ihip». 
Inetead  of  a  (rollftr  on  the  rod,  we  often  find  a  taper  lit  of  thend 
in  the  socket;  iind  Hiiy  looauoeBs  in  tliis  casi<  is  etiU  wurwi,  {oitbf 
rod  tlmn  Lus  euii  jiluy  iu  the  g<x!kel,  and  by  ita  "ehiickiDg"bKk 
aod  forth  tends  to  split  ojk-ii  the  stwket. 

Tht!  only  answer  to  tht-bt»  objecCioQB  is  to  provide  a  positin 
locking  devlLtj,  and  lake  up  uiiy  looseitt-ss  the  iDstmit  it  iippetn. 
PROBLEMS  ON  KEYS.  PINS,  AND  COTTERS. 

1.  Calculate  the  safe  load  in  shear  which  can  be  carried  od  a  kiff 
A  inch  wide,  3  inch  thick,  and  C  inciu-s  long.     AsBOme  S^  =  8,(Hlft. 

2.  Assniiiiii^  the  above  key  to  be  -|\  inch  in  hub  and ,',  iiiA 
in  shaft,  test  its  proportions  fur  crushing,  at  S^  ^=  16.000. 

3.  A  gear  60  inches  in   diameter  has  a  load  of  .1,000  lbs.  il 
the   pitch    line.     The   shaft  is    4  inches  in  diameter,  in  a  linb,    j 
5   inches  long;  and  the  key  is  a  standard  gili  key  as  giwn  in  flu 
table.     Teat  ita  proportions  for  shearing. 

4.  A  piston  rod  2  inches  in  diameter  carries  a  cotter  P  ioA 
thick,  and  has  an  nxial  load  of  20,000  lbs.  CHlculate  the  untsga 
width  of  the  cotter.     S^  =  !  1.000. 

6.  Calculate  fiber  stresa  in  rod  in  preceding  problem  it 
section  through  slot. 

fi.     How  far  from  the  end  of  rod  must  the  end  ot  slot  be  I 

T.  ('aleuliite  the  crushing  fiber  Htressea  on  cotter,  rod,  and 
socket. 

8,  How  far  from  the  end  of  socket  must  the  end  of  slot  ba, 
pssuming  the  socket  to  be  of  steel '! 

BEARINGS,  BRACKETS,  AND  STANDS. 


NOTATION-ThB  (oIlowinB  uot.itlon  1 

acUfts.  una  Smuds. 

A  =  Area  (square  Inches). 

n  =  Distance  beiween  ban  centers 

n  =  Number  otlwlta  in  cap. 

(liiclicsl. 

m^  Number  at  bolts  In  bracket  bM& 

1.  =  WMihof  hrui'ketbftHe<lDcb.-si. 

P  =  Total  presHure  oq  bckrtng  (Ibi.). 

f  =  nisuneef>fneulraliixKtn.iii"iiirr 

p  =  Pressure  per  square  inch  ot  iwo- 

Uber  (iDcbm). 

Jected  area  (lbs). 

D  =  DIaiueler  otshnft  (Inchesi, 

S  =  Safe  ieB«lle  Dber  stms  |lb^). 

<l  =  Diameter  of  b..H  h.-ly  (incbe-l. 

S=    ■■    shearing     -           (lb«.). 

./,=  Dlaiii«eralroot"t(hreii(l<lnclie.-l. 

T  =  T.iial  load  on  bolts  at  top  ot 

H  =  Hnr-«:|K.wer. 

brackn  (lbs.). 

h  =  Ttilcknessol  cap  at  ci>iitw(lnch.>s). 

(   =  Tblcknessot  bracket  base  (Inchei). 

J-  =  Disunce  from  Uneot  action  ot  load 

r.  =  Irfnitth  of  beiirlng  (tiiHn^). 

to  any  gactlon  ot  bracket (lnclica>. 

fl^  CoeRlclent  of  Crtctloa  (per  ceol). 
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ANALYSIS.  Machine  surfaces  taking  weight  and  pressure 
of  other  parts  in  motion  upon  them  are,  in  general,  known  as 
bearing^.  If  the  motion  is  rectilinear,  the  bearing  is  termed  a 
iHde,  guide,  or  way,  such  as  the  cross  slide  of  a  lathe,  the  cross- 
head  guide  of  a  steam  engine,  or  the  ways  of  a  lathe  bed. 

If  the  motion  is  a  rotary  one,  like  that  of  the  spindle  of  a  lathe, 
the  simple  word  "  bearing  "  is  generally  used. 

In  any  bearing,  sliding  or  rotary,  there  must  be  strength  to 
carry  the  load,  stiffness  to  distribute  the  pressure  evenly  over  the 
fnll  bearing  surface,  low  intensity  of  such  pressure  to  prevent  the 
labricant  from  being  squeezed  out  and  to  minimize  the  wear,  and- 
sufficient  radiating  surface  to  carry  away  the  heat  generated  by 
friction  of  the  surfaces  as  fast  as  it  is  generated.  Sliding  bearings 
are  of  such  varied  nature,  and  exist  under  conditions  so  peculiar 
to  each  case,  that  a  general  analysis  is  practically  impossible 
beyond  that  given  in  the  sentence  above. 

Rotary  bearings  can  be  more  definitely  studied,  as  there  are 
but  two  variable  dimensions,  diameter  and  length,  and  it  is  the 
proper  relation  between  these  two  that  determines  a  good  bearing. 
The  size  of  the  shaft,  as  noted  under  "  Shafts,"  is  calculated  by 
taking  the  bending  moment  at  the  center  of  the  bearing,  combin- 
ing it  with  the  twisting  moment,  and  solving  for  the  diameter 
consistent  with  the  assumed  fiber  stress.  But  this  size  must  then 
be  tried  for  deflection  due  to  the  bending  load,  in  order  that  the 
requirement  for  stiffness  may  be  fulfilled.  When  this  is  accom- 
plished, the  friction  at  the  bearing  surface  may  still  generate  so 
much  heat  that  tbe  exoosed  surface  of  the  bearincr  will  not  radiate 
it  as  fast  as  generated,  in  which  case  the  bearing  gets  hotter  and 
hotter,  until  it  finally  burns  out  the  lubricant  and  melts  the  lining 
of  the  bearing,  and  ruin  results. 

The  heat  condition  is  usually  the  critical  one,  as  it  is  very 
easy  to  make  a  short  bearing  which  is  strong  enough  and  amply 
stiff  for  the  load  it  carries,  but  which  nevertheless  is  a  failure  as 
a  bearing,  because  it  has  so  small  a  radiating  surface  that  it  can- 
not run  cool. 

The  side  load  which  causes  the  friction  and  the  consequent 
development  of  heat,  is  due 'to  the  pull  of  the  belt  in  the  case  of 
pulleys,  the  load  on  the  teeth  of  gears,  the  puii  on  cranks  and 
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levera,  the  weight  of  parts,  etc.  If  we  conld  exert  pnre  torsion  on 
shafts  without  any  side  pressure,  and  counteract  all  the  vdgbt 
that  oomes  on  the  shaft,  we  should  not  ha^e  any  trouble  with  the 
development  of  heat  in  bearings;  in  fact,  there  would  theoretiallj 
be  no  need  of  bearings,  as  the  shafts  would  naturally  spin  abont 
their  axes,  and  would  not  need  support. 

It  can  be  shown,  theoretically,  that  the  radiating  Barfaceof  a 
bearing  increases  relatively  to  the  heat  generated  by  a  given  side 
load,  only  when  the  length  of  the  bearin^f  is  increased.    In  other 
words,  increasing  the  diameter  and  not  the  length,  theoreticillj 
increases  the  heat  generated  per  unit  of  time  just  as  much  as  it 
increases  the  radiating  surface;  hence  nothing  is  gained,  and  heat 
accumulates  in  the  bearing  as  before.     This  important  fact  is  yen- 
lied  by  the  design  of  high-speed  bearings,  which,  it  is  alwaji 
noted,  are  very  long  in  proportion  to  their  diameter,  thus  gi^ag 
relatively  high  radiating  power. 

Bearings  must  be  rigidly  fastened  to  the  body  of  theniaichine 
in  some  way,  and  the  immediate  support  is  termed  a  bracM 
frame,  or  housins^.  ^^Bracket^'  is  a  very  general  term,  and  ap- 
plies to  the  supports  of  other  machine  parts  besides  ^^bearingB." 
II  is  especially  applicable  to  the  more  familiar  types  of  bearing 
supports,  and  is  here  introduced  to  make  the  analysis  complete. 

The  bracket  must  be  strong  enoutrh  as  a  beam  to  take  the 
side  load,  the  bending  moment  being  iigured  at  such  ]K)ints  as  are 
necessary  to  determine  its  outline.     It  may  l)e  of  solid,  l)ox,  or 
ribbed  form,  the  latter  being  the  most  economical  of  material,  and 
usually  j)ermitting  the  simplest  pattern.     The   fastening  of  the 
bracket  to  the   main    bcKly  of  the  machine  must  be  bro.id  to  give 
stability;  the  bolts  act  partly   in  shear  to  keep  the  bracket  from 
sliding  along  its  base,  and  partly  in  tension  to  resist  its  tendency 
to  rotate  about  some  one  of  its  etlges,  due  to  the  side  pull  of  the 
belt,  gear  tooth,  or  lever  load,  as  the  case  may  be.     The  weight  of 
the  bracket  itself  and  of  the  parts  it  sustains  through  the  Waring, 
has  likewise  to  be  considered;  and  this  acts,  in  conjunction  with 
the   working  load  on   the   bearing,  to  modify   the  direction   and 
mai^nitude  of  the  resultant  load  on  the  bracket  and  its  fastening. 

5tands  are  forms  of  brackets,  and  are  subject  to  the  same 
analysis.     The  distinction   is  by  no  means  well  defineil,  although 
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we  usnally  think  more  readily  of  a  stand  as  having  an  upright  or 
inverted  position  with  reference  to  the  ground.  The  ordinary 
"  hanger  "  is  a  good  example  of  an  inverted  stand;  and  the  regular 
"  floor  stand,"  found  on  jack  shafts  in  some  power  houses,  is  an 
example  of  the  general  class. 

THEORY.  As  the  method  of  calculation  of  the  diameter  of 
the  shaft,  as  well  as  its  deflection,  has  been  considered  under 
"  Shafts,"  we  may  assume  that  the  theoretical  study  of  bearings 
starts  on  a  given  basis  of  shaft  diameter  D.  The  main  problem 
then  being  one  of  heat  control,  let  us  first  calculate  the  amount  of 
heat  developed  in  a  bearing  by  a  given  side  load.  The  force  of 
friction  acts  at  the  circumference  of  the  shaft,  and  is  equal  to  the 
coefticient  of  friction  times  the  normal  force;  or,  for  a  given  side  load 
P,  Fig.  75,  the  force  of  friction 


would  be  /xP.     The  peripheral 

speed  of  the  shaft  for  N  revolu- 

TrDN 
tions  per  minute  is  — - .—     feet 

per  minute.  As  work  is  '*  force 
times  distance,"  the  work  wasted 

/xPttDN 
12 

pounds  per  minute.  One  horse- 
power being  equal  to  33,000  foot- 
pounds per  minute,  we  have  the 
equation, 


in  friction  is  then 


foot- 


Fig.  75. 


H  = 


/xPttDN 
12  X  33,000 


(ii3) 


The  value  of  ji  for  ordinary,  well -lubricated  bearings,  may  run  as 
low  as  5  per  cent;  but  as  the  lubrication  is  often  impaired,  it 
quite  commonly  rises  to  10  or  12  per  cent.  A  value  of  8  per  cent 
is  a  fair  average.  This  amount  of  horse-power  is  dissipated 
through  the  bearing  in  the  form  of  heat.  If  we  could  exactly 
determine  the  ability  that  each  particle  of  the  metal  around  the 
shaft  had  to  transmit  the  heat,  or  to  pass  it  along  to  the  outside 
of  the  casting,  and  if  we  could  then  determine  the  ability  of  the 
particles  of  air  surrounding  the  casting  to  receive  and  carry  away 
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this  heftt,  we  could  calculate  just  such  proportions  of  the  bearing 
and  its  casing  as  would  ne^er  choke  or  retard  this  free  transfer  of 
ht*at  away  from  the  running  surface. 

Such  refined  theory  is  not  practical,  owing  to  the  complicated 
shapes  and  conditions  surrounding  the  bearing.  The  best  that  we 
can  do  is  to  say  that  for  the  usual  proportions  of  bearings  the  side 
load  may  exist  up  to  a  certain  intensity  of  "^  pressure  per  square 
inch  of  projected  area  "  of  bearing,  or,  in  form  of  an  equation, 

P=pU).  (114) 

The  eonstant/^  is  of  a  variable  nature,  depending  on  lubrication, 
speed,  air  contact,  and  other  special  conditions.  For  ordinary 
bearings  having  continuous  pressure  in  one  direction,  and  only 
fair  lubrication,  400  to  500  is  an  average  value.  When  the  pres- 
sure changes  direction  at  every  half-revolution,  the  lubricant  has 
a  lietttrr  chance  to  work  fully  over  the  bearing  surface,  and  a 
hi^er  value  is  permissible,  say*  5<K)  to  800.  In  locations  where 
mere  oscillation  takes  place,  not  continuous  rotation,  and  reversal 
of  pressure  occurs,  as  on  the  cross-head  pin  of  a  steam  engine, /> 
mar  run  as  high  as  IKN)  to  1,200.  On  the  crank  pins  of  locomo- 
tives, which  have  the  reversal  of  pressure,  and  the  benetit  of  hi^h 
velocity  throuixh  the  air  to  facilitate  cooling,  the  pressures  may  run 
t-r/.u/.v  l.ii:!:.  On  the  eccentric  cnink  pins  of  punchintr  and  sliear- 
ir.v*  i;.Aoli::u*s.  where  the  pressure  aets  only  for  a  ]>rief  instant  and 
a:  ::.:erv:r.>,  ihe  pressurt^  rauires  still  liitrber  witliont  any  daniren)iis 
rieAf.r.iX  a^'iion. 

A\  ::tn  a  U-arin*:,  for  practical  reasons,  is  providtnl  with  a  cap 
V.tM  in  plsee  la  Wilts  or  studs,  the  thtnnj  of  the  cap  and  bolts  is 
.^:  '.:::'.e  i!::}«v»rta:K*e,  unless  the  kmd  eouies  directly  against  the  cap 
av..;  :h'!:s.  Kxoejt  in  the  latter  case,  the  proj>ortions  of  the  cap  and 
\\.v  >:.e  of  ::;e  I'olts  are  dejKMident  «j)on  general  ap[)earance 
,^:.vi  :;:  ;::y,  it  iHiiii:  nKJiiifestly  desirable  to  provide  a  substantial 
>:c>ii.:  ,  I  vt  :■  :i:i'Ui:h  some  excess  of  strength  is  thereby  introduce^l. 

Fv^r  :*::e  wicst  case  of  la^iding,  however,  which  is  when  the 
v;,:.  >  Ai^-itTi  :;;'v«:i  by  tiie  dirivt  hwd,  such  as  Pin  Fig.  7<»,  we  have 
::.e  v>'v.d:::x»:i  v»f  a  lenirally  Kxadeil  K^ain  supjH^rttHi  at  the  Iwlts. 
1:  :>  pro':>ab!e  tiiat  tlie  Wiwn  is  partially  fixed  at  the  ends  by  the 
c-ampinir  of  the  nut:  also  that  the  load  P,  instead  of  being  con. 
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centrated  at  the  center,  is  to  some  extent  distributed.  It  is  hardly 
fair  tojassume  the  external  moment  equal  to  -^  or  -j— ,  the  one 
being  too  small,  perhaps,  and  the  other  too  large.  It  will  be  rea- 
Bonable  to  take  the  external  moment  at  — p—,  in  which  case,  equat- 
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I  •  I 


I  .  ' 
I     i 
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-t--- 


.■.if( 


■^  —:.■: 


•^t.. 


Fig.  70. 

ing  the  external  moment  to  the  internal  moment  of  resistance, 

IV  _  SI 


sw 


r 


6 


(115) 


from  which,  the  lencrth  of  bearing  being  known,  we  may  calculate 
the  thickness  //. 

One  bolt  on  each  side  is  sufficient  for  bearintrs  not  more 
than  6  inches  long,  but  for  longer  bearings  we  usually  find  two 
lx>lts  on  a  side.  The  theoretical  location  for  two  bolts  on  a  side, 
in  order  that  the  bearing  may  be  e(jually  strong  at  the  bolts  and 
at  the  center  of  the  length,  may  be  shown  l)y  the  |)rinciples  of 

mechanics    to  be  .yj  L  from   each  end,  as  indicated  in   Fig.  7(>. 
The  bolts  are  evidently  in  direct  tension,  and  if  equally  loaded 
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would  each  take  their  fractional  share  of  the  whole  load  P.     This 

2 
is  diflScult  to  guarantee,  and  it  is  safer  to  consider  that  -q-  P  may 

be  taken  by  the  bolts  on  one  side.  On  this  basis,  for  total  number 
of  bolts  Hj  equating  the  external  force  to  the  internal  resistance  of 
the  bolts,  we  have  : 

from  which  the  proper  commercial  diameter  may  be  readily  found. 
The  bracket  may  have  the  shape  shown  in  Fig.  77.  The 
portion  at  B  is  under  direct  shearing  stress;  and  if  A  be  the  area 
at  this  point,  and  S,  the  safe  shearing  stress,  then,  equating  the 
external  force  to  the  internal  shearing  resistance, 

P=AS3.  (117) 

The  same  shear  comes  on  all  parts  of  the  bracket  to  the  left  of  the 
load,  but  there  is  an  excess  of  shearing  strength  at  these  points. 

At  the  point  of  fastening,  the  bolts  are  in  shear,  due  to  the 
same  load,  for  which  the  equation  is 

P  =  ^»lSs.  (118) 

For  the  upper  bolts,  the  case  is  that  of  direct  tension,  assum- 
ing that  the  whole  bracket  tends  to  rotate  about  the  lower  edore  E. 
To  find  the  load  T  on  these  bolts,  we  should  take  moments  about 
the  point  E,  as  follows: 

PL,==T/;orT=^\  (119) 

Then,  equating  the  external  force  to  the  internal  resistance,    ' 

PLi        TT^f       ^  ,         . 

T-^-  =  -^X-2-S.  (120) 

The  upper  flange  is  loaded  with  the  bolt  load  T,  and  tends  to 
break  off  at  the  point  of  connection  to  the  main  body  of  the 
bracket,  the  external  moment,  therefore,  being  T;\  The  section 
of  the  flange  is  rectangular;  hence  the  equation  of  external  and  in- 
ternal moments  is: 
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It  may  be  nutwl  that  the  lower  bolts  act  on  snch  ii  Biimll  leverage 
aliuiit  K.  thiit  they  winiltt  i^tretirh  and  thu:^  [H-ritilt  itll  tlu<  luud  to 
lie  thrown  <»ii  tlic  up|H'r  liolts;  this  i^  the  reason  wliy  tbey  are  not 
subjtM.-t  iu  enk'ulHtioii  for  tcoMioii. 


The  s.-(.-tiori  of  the  l>ni<.-ket  to  the  h-ft  of  tin-  lou.l  1'  is  dupen.i 
eiit  ii[Hiii  tlie  iM-ndiuir  riiimn-nt.  for.  if  this  i^cctiiiii  is  lui'^e  eiionjrli 
to  tjik-i'  the  lH-!iiliii(;  iiic.iri.-iil  [propiTly,  the  Hlii'iir  nuiy  he  (Usrenard. 
<il.  It  .^honUi  l>eei.K-iihil.'.l  Nt  sever'i.I  |»lillt^^.  lo  make  s^iiiv  that 
tlie  tilHT  Ktres.-<  is  within  ;illiivv;ihh'  limits.  'I'lie  jreiieral  exjiressioii 
fur  the  eijiiiiticn  of  Tiiinnnils  is.  fur  .iriy  i^eetiou  at  leverage  .<;, 

IV        --.  (122) 

from  wbicb,    hv    thi-    |)ro|H-L-  sulir^titiitioii  of   tlie    jiiiinient   of   in- 
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ertia  of  the  Bection,  the  fiber  stresB  can  be  calculated.  The  mo- 
ment of  inertia  for  simple  ribbed  sectione  can  be  foand  in  moet 
handbooks.  The  process  of  Bolntioo  of  the  above  equation,  though 
simple,  is  apt  to  be  tedions, 
and  IB  not  conBidered  neces- 
sary to  illnstrate  here. 

PRACTICAL  MODIFI- 
CATION. Adjustment  is  an 
important  practical  feature  of 
bearings.  Unless  the  propor- 
tions are  so  ample  that  wear 
is  inappreciable,  simple  and 
ready  adjustment  must  be 
provided.  The  taper  bush- 
ing, Fig.  79,  is  neat  and  sat- 
isfactory for  machinery  in 
which  expense  and  refinement 
are  permissible.  This  is  true 
of  some  machine  tools,  but  is 
not  true  of  the  general  "  run  "  of  bearings.  The  most  common 
form  of  adjustment  is  secured  by  the  plain  cap  (which  may  or  may 


not  be  tongued  into  the  bracket),  witli  liners  placed  in  the  joint 
whf  n  new,  which  may  subsequently  be  removed  or  reduced  so  ae 
to  allow  the  cap  to  close  down  upon  the  shaft.  Several  forms  of 
cap  bearings  are  illustrated  in  Figs.  80,  81,  and  82. 
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Large  engine  shaft  bearings  have  special  forms  of  adjustment 
by  means  of  wedges  and  screws,  which  take  up  the  wear  in  all 
direction?,  at  the  same  time  accurately  preserving  the  alignment 
of  the  shafts;  but  this  refinement  is  seldom  required  for  shafts  of 
ordinary  machinery. 

In  cases  where  the  cap  bearing  is  not  applicable,  a  simple 
bushing  may  be  used.     This  may  be  removed  when  worn,  and  a 


Fig.  80.  Fig.  81. 

new  one  inserted,  the  exact  alignment  being  maintained,  as  the 
outside  will  be  concentric  with  the  original  axis  of  shaft,  regard- 
less of  the  wear  which  has  taken  place  in  the  bore. 

Tlio  lubrication  of  bearings  is  a  part  of  the  design,  in  that 
the  lubricant  should  be  intro- 
<iuct»d  at  the  j)ro|KT  point,  and 
[)ains  taken  to  guarantee  its  dis- 
tribution to  all  points  of  the  run- 
ning surface.  Tlie  method  of 
lubrication  should  be  so  certain 
that  no  excuse  for  its  failure 
would  be  j)OSsible.  (irease  is  a 
successful  lubricator  for  heavy 
loads  and  slow  speeds,  oil  for 
light  loads  and  high  speeds. 

In  order  to  insure  the  lubri-  pjg.  82. 

cant  reaching   the  sliding   sur- 
faces and  entering  between  them,  it  must  be  introduce<l  at  a  point 
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where  the  ]i  iiirc  is  Tiiodi-rule,  mill  wlicn-  llif  iiiotltiii  <if  titc  jmrU 
win  imtiimlly  lead  it  to  nil  points  of  the  liearinj;.  C_inM>vfs  and 
ehaiiiielf  of  iiinjjle  size  ftggist  iti  this  regard.  A  sjHi^iMl  form  of 
lM!aring  u»i>b  u  ring  ridiiifj  on  the  sliaft  to  carry  the  nil  cuiiintatitly 
fmiii  A  aiiiall  reservoir  lii-ncalh  Ihi-  tihaft  up  to  the  top.  whert-  it  is 
distributed  along  the  U'liriiifT  ami  finally  tioivs  hack  to  the  rc«er- 
voir  and  is  iiBcd  fttfHiti. 

The  materials  of  which  lieai'in^  are  niftde  vary  with  tlie 
BiTviee  reijiiirfd  luitl  wilh  the  n-tineineiit  of  the  l>earing.  Cast  iron 
makes  an  exwlleut  bearing  for  light  loads  and  hIow  B[«fda,  but 
it  is  very  apt  to  '■  Helzc"  the  shaft  in  case  the  lubrieation  i»  in  the 
loast  degree  impaired.  Uronze.  in  its  many  forniB  of  density  and 
hiirdTit«s,  is  exteuBively  used  for  high-grade  bearings,  hut  It  also 
jiiis  little  natural  luhrieatlng  jKJWer,  and  reijuireB  careful  attention 
til  liivp  it  in  good  condition. 

I'abhiit,  a  couj])Oi!ition  metal,  of  varying  degrees  of  hardnesB, 
is  the  most  universal  and  satisfactory  material  for  ordinary  bear- 
inge.  It  affoinls  a  cheap  method  of  production,  being  poured  in 
molten  form  around  n  mandrel,  and  firmly  retained  in  its  casing  or 
shell  tiirough  dovetailed  jiockets  into  which  the  metal  flows  »nd 
hardens.  It  requires  no  boring  or  extensive  fitting.  Some 
scraping  to  uniform  hearing  is  necessary  in  most  cases,  bat  this  is 
easily  ;iinl  {■lieaply  done.  Uabbitt  is  a  dnrable  material,  and  has 
i^ntm-  iiiittirul  lul>rie;ttiiig  power,  so  that  it  has  less  tendency  to 
iirrii  uiili  r^riijitv  Iiilirii'iition  than  any  of  the  materials  previously 
iiutiiiniifd.  Almiii't  any  grade  ()f  liearing  may  be  produced  with 
l>:ilil>ill.  in  ils  fiiii-^t  roriii  tile  liabhitt  is  hammered,  or  pened, 
iiiln  liir  ~]„-]\  of  thr  l.eariiig,  and  iheu  bored  out  neariy  to  size,  a 
^-IJijIiU'.  tapered  ni;iii.lrel  being  siibMeijueiitly  drawn  through,  coiu- 
pri^siiig  tlir  baliliitl  and  giving  a  jiolished  surface. 

A  I'Miriliiiintlon  bearing  of  liabhitt  and  bronze  is  sometimes 
ii^eit.  In  ilii<  tlir  bnin;^e  lie;;  in  strij)s  from  end  to  end  of  the 
)..'ariii^'.  ;nid  llie  liabliiit  lllls  in  iietweeii  the  Strips.  The  shell. 
tiriiiL'  ill'  biMh/v,  i^ives  the  retpiired  stiffness,  and  the  babbitt  the 

t>KOUl-nMS  ON  l(i;ARIN(iS,    BRACKETS,  AND  STANDS. 
1.      I'iie  ailiiv^alili'  pie^^MO'e  en  a  bearing  is  iiUO  {lounds  per 
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>*juare  inch  of  projected  area.  AVhat  is  tin*  rerjuircd  length  of 
the  lK*arinfT  if  the  total  load  is  4,500  pounds  and  the  diameter  is 
3  inches  { 

tJ.  The  cross-head  j>in  of  a  steam  entwine  must  ho  2.5  inches 
in  diameter  to  withstand  the  shearinir  strain.  If  the  maximum 
pressure  is  10,000  j)Ounds,  what  len<^th  should  be  given  to  the  pin  ? 

3.  The  journals  on  the  tender  of  a  loc^omotive  are  Hh  X  7 
inches.  The  total  weif^ht  of  the  tender  and  load  is  r)0,000  pounds. 
If  there  are  -^  journals,  what  is  the  pressure  per  square  inch  of 
projei'ted  area  ? 

4.  AVhat  horse-power  is  lost  in  friction  at  tlu*  circumference 
of  a  :^inch  l>earin<]r  carrying  a  load  of  (J.OOO  jxmnds,  if  the  number 
f>f  rt'volutions  jH»r  minute  is  150  and  the  coetHcient  of  friction  is 
assumeil  to  l>e  5  j)er  cent  ? 

5.  Tile  cast- inm  bracket  in  Ficr.  77  has  a  load  P  of*  1,000 
pounds.  Determine  the  fiber  stress  in  the  web  section  at  the  base 
of  the  bracket  if  the  thickness  is  taken  at  A  inch,  and  Li  =  12 
inches;  /  =  20  inches;  Z*  =  11  inches;  ^  -  -  1  inch. 

6.  Calculate  the  diameter  of  the  bolts  at  the  top  of  the 
bracket. 

7.  Assuming  r  equal  to  6  inches,  what  is  the  fiber  stress  at 
the  root  of  flange  i 
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IRON. 

For  centuries  iron  has  been  the  most  useful  metal  known  to 
man.  In  the  earliest  periods  of  history,  stone  implements  wero 
used ;  later  bronze,  an  alloy  of  copper  and  tin,  replaced  stone. 
After  a  time  men  found  a  way  to  extmct  iron  from  its  ores,  and 
the  Inin  Age  began.  As  nothing  has  yet  been  discovered,  or 
invented,  to  take  the  place  of  iron  in  the  arts,  tlio  Iron  Ago  lias 
continued  until  the  present  day.  The  process  of  separating,  or 
extracting  iron  from  its  ores ;  of  smelting  and  refining  it ;  and  of 
makiug  it  into  its  most  useful  form,  steel,  is  called  the  metallurgy 
of  iron.  From  small  beginnings,  this  art  has  gradually  increased 
to  its  present  importance. 

ORBS. 

Iron  is  never  found  jjure ;  it  is  always  compound«Ml  with 
other  elements  or  minerals.  These  compounds,  callotl  ores  of  iron, 
occur  in  enormous  quantities,  and  are  widely  distrihute<l  in  the 
earth.  The  value  of  an  ore  depends  upcm  its  richness,  its  locality, 
the  ease  with  which  it  can  lie  smelted,  and  its  freedom  from  i)hos- 
phorus  and  sulphur.     The  principal  ores  are : 

Mctgnetite^  magnetic  iron  ore  (FcgO^).  It  is  black,  heavy 
and  crystalline.  The  finest  quality  is  found  iu  Sweden,  and 
sometimes  contains  sis  high  ixs  72  per  cent  metallic  iron.  This 
ore  usually  contiiins  from  40  per  cent  to  <^)0  per  cent  metallic  iron. 
A  high  temperature  is  required  to  nMluce  it. 

Hematite^  oxide  of  iron  (Ih'o^^j).  A  ri^d  ore  containing 
about  70  per  cent  of  iron  when  j)nre  ;  it  is  sometimes  calle<l 
"Hard  Ore."  About  82  per  cent  of  all  the  ore  now  mined  in  the 
United  States  is  red  hematite. 

FJmonite^  or  brown  hematite  (2Fe.^().j  3Ilo()).  Contains 
\\ater  which  can  be  expelled  by  heat,  leaving  the  ore  of  a  reddish 
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''"/or.     Wlieii  i^ure  this  ore  contains  about  60  per  cent  of  iron, 
'^t^d  from  8  jier  cent  to  20  per  cent  of  water. 

Si'h'rite,  or  earl)onate  (FeCO^  )  or  (FeOCOg).     This  is  an 

u/]/M»rtant  ore  in  Europe,  althougli  containing  only  about  48  per 

^'^'»t  iron.    It  recjuires  careful  preliminary  roasting  before  smelting. 

Iron  <»res  are  never  found  pure;  they  contiiin  varying  quan- 

^^tirs    of    silica,     alumina,    calcium,     manganese,    sulphur    and 

p/iospliorus. 

MINERALS. 

The  principal  minerals  used  in  iron  smelting  are: 
-Jron  Pyrites  or  fools  gold    (FeSg).       It   occurs    in    cubic 
^O" '"Stills  and    bright   shining  scales.     This    mineral  is  used  as  a 
^^>iii-<^43  of  sulpliur  in  the  manufacture  of  sulphuric  acid.     In  some 
ca.>stj.5^  it  is  smelted  for  iron  after  its  sulphur  has  been  used. 

Frankliniti\  or  oxides  of  iron,  manganese  and  zinc  (FeO 
■^»i<  )  ZnO)  (Fe^OgMuoOg).  It  contains  about  46  per  cent 
*  t^on.  It  is  used  in  tlie  manufacture  of  zinc  white  and  spiegei- 
*^^^ii.  ** Spiegel/'  is  a  coai"sely  crystalline  variety  of  cast  iron, 
^^^^  large  crystal  planes  having  bright  reflections.  It  usually 
^^^^ti^ins  alx)ut  live  per  cent  of  combined  carbon  and  10  per  cent 
'*    ^<)  per  cent  of  manganese. 

Limestone^   Chalk  or   Oyater  Shells,  —  carlx)nate    of   calcium 
^.^"  i^(  '03^      Used  as  a  flux. 

/Wo//aVf,carl>onate  of  calcium  and  magnesium  [(Ca  ^Ig)^'^)^], 
^*  •^Hetimes  substituted  for  limestone. 

PREPARATION  OF  ORES. 

Usually  the  ore  is  broken  into  small  pieces  and  then  reduced 

^<^>  metallic  iron  in  the  blast  furnace.     Sometimes  it  is  broken  into 

'"^niali  pieces,  piled  up,  and  exposed  to  the  air  and  rain.      Dy  this 

txn'ims  dirt,  sand  and  soft  rock  are  washed  out.      In  this  country 

iron  ore  is  seldom  roasted,  but  when  necessary  it  is  roasted  in 

kilns,  thus  driving  out  the  sulphur. 

THE  BLAST  FURNACE. 

The  blast  furnace  is  located  in  a  place  where  materials  may 
!)♦•  economically  assembled,  product  cheaply  transported  to  niar- 
k('t,  and  a  good  water  supply  is  available. 
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The  Ilia  t  fiirnace  is  a  cii'ciilar  brick  nr  stone  structme,  lii;i;il 
with  lire  briclc  and  encased  in  Hlieet  irou.  The  general  arrange- 
ment is  ehowu  in  Fig.  1.  The  throat  at  A  is  about  15  feci  in 
diameter;  the  main  portion  B,  caUe<[  the  shaft,  is  nearly  cylindrioil 
and  about  60  feet  high  and  20  feet  in  diameter.  The  lowt-r 
portion  C,  which  is  siiaped  like  an  inverted  frustum  of  a  cone,  ia 
called  the  boshes  and  is  about  20  feet  Iiigh  and  14  feet  in  diamvter 
iti  the  smallest  purt.  Below  the  boshes  a  cylindrical  portion  D, 
called  the  hearth,  extends  about  10  feet  and  in  lined  witii  tira 
brick.     Tliia  totjil  h  feet,  hut  some  are  over  100 

feet  high.     The  tuyeres  l  number,  are  pipes  through 

which  hot  blasts  of  air  p"-  nd  are  built  into  the  brick- 

work nbout  6  feet  atwve  if  the  hearth.     The  tuyeres 

are  made  as  simple  as  possi  istructed  so  that  they  may  l>e 

easily  taken  out  and  repla  t>ustle  pipe  K,  supplies  air  to 

thtj  tuyeres.     The  part  o  3,  below  the  tuyeres  is  ciUle<l 

the  crucible,  which  being  subjected  to  intense  heat,  is  often  cooled 
by  water  flowing  through  a  series  Open  gutters  around  it.  The 
boshes  are  kept  cool  by  water  circu  ing  through  a  aeries  of  cool- 
ing rings,  cast  in  bronze  blocli  5et  in  the  brick  or  masonry 
waJIs. 

Thei-e  are  two  openings  in  the  crucible  wall;  the  upper, 
called  thi-  cinder  notch  for  the  removal  of  slag  or  "cinder,"  and 
the  lower  for  the  molten  east  iron.  The  upper  or  "  slag  eye  "  S,  is 
stop|)ed  up  by  mi  iioii  plug  on  a  long  handle ;  but  the  lower  or 
'■tap  liole  "  E  must  be  plugged  with  clay.  Balls  of  clay  are 
rainnii  •!  in  ;ind  soon  kiked  as  hard  as  stone  b}'  the  heat.  For  lai^ 
fniiiLtccs  ;i  "gun"  is  used  to  force  the  clay  balls  into  the  bole. 
This  cliiy  is  two  or  three  feet  in  thickness  and  when  the  ii-oii  is 
remiy  to  ihtw  out  it  is  drilled.  The  work  of  drilling  through  this 
cliiy  is  cnnsiclfiMltlc,  ;md  in  modem  furnaces  is  done  by  a  steam 
la|.piii^r  liole  dnll.' 

Just  idHive  the  throat  is  tlie  IxiU  O  and  hopper  H  (Fig.  1). 
Till!  matt-rials  are  placed  in  the  hopper  and  dumped  into  the 
tbroal  of  thf  fiirnaco,  by  low<>rii(g  the  bell.  The  bell  is  raised 
anil  lowiTfil  by  levers  anil  conn  tor- weights,  operated  by  steam  or 
compressed  air. 

The  gases  leave  the  top  of  the  furnace  just  below  the  bell  at 
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N ;  they  |>:i8s  through  a  dust  catcher  and  then  go  to  the  stoves 
ami  l)uilei>i  to  be  used  as  fuel.  The  stoves  are  used  to  heat  the 
air  for  the  tuyeres,  and  the  boilers  furnish  steam  for  the  blowing 
eu^^ines  and  hoisting  engines. 

The  columns  M  support  the  weight  of  the  furnace.     The 
whole  rests  on  the  masonry  foundation.     Tlie  space  F,  called  the 
ex])ansion  space,  allows,  for  the  expansion  of  the  inner  wall ;  it  is 
sometimes  packed  with  granulated  slag. 

MATERIALS. 

The  materials  used  in  the  blast  furnace  are : 

Ore9^  already  briefly  described. 

Fluxes.  Flux  is  the  substiince  added  to  combine  with  the 
earthy  impurities  and  make  a  fusible  slag  which  floats  on  the 
molten  iron.  The  impurities  which  would  soon  clog  up  i-he  fur- 
nace, are  thus  removed.  Limestone  and  Dolomite  are  the  usual 
fluxes.  Oyster  sliells  are  used  in  Maryland  on  account  of 
cheapness. 

Fuels,  The  fuels  used  are  coke,  which  is  made  in  beehive 
ovens  from  soft  coal;  charcoal,  which  is  wood  charred  in  heaps  or 
kilns ;  anthracite  coal,  and  very  rarely  bituminous  coal. 

The  fuel  depends  largely  upon  the  locality.  Charcoal  is  a 
good  blast  furnace  fuel  on  account  of  its  porosity,  slight  ash,  and 
frifedom  from  sulphur!  Coke  is  the  best  fuel  because  it  is  strong 
enough  to  resist  being  crushed  by  the  great  weight  of  materials 
and  iKJoause  it  burns  rapidly  thus  giving  a  large  output.  Anthra- 
cite coal  breaks  up  very  fine  and  burns  to  CO  slowly.  A  good 
mixture  is  }  coke  and  |  anthracite  coal.  Bituminous  coal  is 
rarelv  used  as  it  cakes  and  absorbs  heat. 

OPERATION  OR  RUNNING. 

Blowing:  in.  To  start  the  blast  furuace  it  is  fii-st  thoroughly 
dried  and  then  filled  with  cord  wood  to  al)out  half-way  u[)  tlie 
Ix/shes.  Upon  this  is  placed  a  blank  charge  of  coke,  and  then 
successive  layers  of  fuel,  flux  and  ore,  with  gradually  increasing 
amounts  of  ore,  until  the  regular  charge  is  reached.  The  wood  is 
then  lighted  and  the  hot  blast  of  air  turned  on.  At  fii-st  this 
blast  is  under  slight  pressure.  When  coke  is  used  the  iron  begins 
to  flow  in  about  15  to  20  hours  after  lighting. 
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The  ore,  fuel  and  flux  are  brought  to  the  scales  in  ban-ows 
called  buggies.  They  are  then  weighed  and  wlieeled  to  the 
elevator,  and  a  certain  number  of  barrows  of  each  dumped  into 
the  hopper.  In  many  large  furnaces  self-dumping  cars  are  run  to 
the  top  on  an  iuclined  railway,  and  the  charging  is  entirely  auto- 
matic. The  fuel  charge  is  usually  dropped  in  by  itself,  followed 
by  the  ore  and  flux.  The  level  of  stock  in  the  furnace  is  kept  con- 
stant by  regulating  the  charges.  The  temperature  of  the  l)last  is 
kept  as  nearly  constant  as  possible,  being  regulated  by  the  wl- 
mission  of  cold  air.  Cold  water  is  kept  running  through  the  cool- 
ing rings  around  the  bosh  walls.  Slag  is  either  drawn  off  at 
intervals  or  continuously,  and  the  molten  iron  which  collects  in 
the  crucible,  is  drawn  off  every  four  to  six  hours  by  drilling  the 
tap  hole.  It  runs  into  channels  formed  in  sand;  the  main  chan- 
nel is  called  the  sow,  and  the  smaller  ones  branching  from  it,  the 
pigs.  When  solid  the  pigs  are  broken  apart  and  stacked  ready 
for  ti-ansportation.  The  latest  development  in  pig  existing  is  an 
apparatus  consisting  of  an  endless  iron  mould  which  revolves  and 
receives  the  charge  and  discharges  the  cooled  pigs  on  the  cai-s. 

The  furnace  is  run  continuously  day  and  night  until  it  is 
necessary  to  shut  down  for  repairs.  Sometimes  furnaces  are  run 
continuously  for  three  to  five  years. 

A  good-sized  blast  furnace  using  coke  as  a  fuel,  will  produce 
300  tons  of  pig  iron  every  twenty-four  houi-s,  and  some  of  the 
largest  can  turn  out  600  tons. 

BANKING  THE  FURNACE. 

It  is  sometimes  necessary  to  shut  down  the  furnace,  In-cause 
of  a  falling  market,  a  flood,  or  a  strike.  If  it  is  to  l)e  banked  at  a 
moment's  notice,  the  first  thing  to  do  is  to  tap  out  the  metal,  shut 
off  the  blast  and  tlie  water  jackets;  then  ch)se  the  furnace  so  that 
there  will  be  no  draft  through  the  shaft.  The  tuyeres  an*  blanketl 
bv  rammini;  in  clav  balls.  In  this  case  the  blast  should  be  resuniiMl 
in  two  or  three  w(?eks.  If  there  is  time  to  plan  the  shutting 
down,  a  large  charge  of  fuel  is  dumped  in  and  successive  charges 
containing  an  inciea^ing  [)roportion  of  or(».  The  bhist  is  shut  <»fT 
when  the  fuel  n^aches  the  tny(M"es ;  the  bell  sealed  and  th**  cooling 
water  decreased.  The  blast  need  not  be  resununl  in  this  case  for 
four  or  five  months. 
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To  blow  out  for  repairs,  stop  the  ore  charges,  and  continue  to 

charge  fuel   with  a  small   amount  of  flux  until  the  flow  of  metal 

ceases. 

THE  CHEfllSTRY  OF  THE  FURNACE. 

In  the  blast  furnace  the  oxides  of  iron  give  up  their  oxygen 
and  become  metallic  iron.  The  most  important  substance  for 
effecting  this  change  is  carbon  monoxide  CO.  As  we  learned  in 
Chemistry,  CO  gas  has  an  affinity  for  oxygen,  tending  to  form 
CO.^. 

At  the  tuyeres  the  carbon  burns  to  CO.  Near  the  top  of  the 
funiiice,  at  a  temperature  of  400°  to  600°  F,  this  CO  reduces  the 
iron  ore  (Fe^Og)  to  metallic  iron,  thus 

FcaOg  +  SCO  =  2Fe  +  SCO.^. 

The  iron  is  not  melted  here,  but  is  in  a  pasty  condition. 
The  charge  gradually  descends,  getting  hotter  and  hotter.  At 
the  lK)shes  it  is  at  a  bright  red  heat,  and  in  the  lower  part  the 
iron  l)egins  to  melt,  and  the  lime,  silica  and  other  earthy  mate- 
rials fuse  and  form  slag.  At  this  point  part  of  the  silicon,  man- 
ganese, sulphur  and  phosphorus  are  reduced,  and  together  with  a 
little  carbon,  combine  with  the  iron.  In  the  crucible  all  is  melted 
and  the  temjierature  is  above  2200°  F. 

SLAQ. 

The  earthy  materials,  silica,  alumina,  and  sulphur  of  the  ore 
and  fuel,  combine  with  the  flux,  and  form  the  slag.  A  large  part 
of  the  sul[)hur  is  then  eliminated  from  the  ore ;  but  none  of  the 
phospliorus.  The  (juality  of  the  iron  depends  largely  on  the  com- 
position of  the  slag.  If  a  high  lime  slag  is  used  in  or<ler  to  reduce 
tlie  sulpliur  and  silicon  in  the  pig  iron,  there  is  danger  that  the 
sLig  may  not  run  well,  in  which  case  more  alumina  is  used.  A 
g'ooil  slag  has  approximately  the  following  constituents  :  52  [)er 
cent  CaO  -[-  MgO,  16  per  cent  Al.^Og  and  32  nev  cent  SiO^. 

STOVES. 

In  the  first  blast  furnaces  cold  air  was  used  for  the  blast. 
Stoves  were  introduced  U)  effect  a  saviiiix  of  fuel  and  to  increase 
the  out-put.  The  waste  gases  from  the  blast  furnace  contitin 
about  25  per  cent  of  carbon  monoxide,  CO,  and  1  per   cent  of 
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hydrogen,  H.  These  gaseu  are  burned  with  air  in  brick  stoves  and 
the  fire  brick  flues  are  heated  to  redness.  Then  the  cold  air  blast 
is  run  through  and  is  heated  to  above  lOOO^^F. 

Four  stoves  are  generally  used  in  a  set,  three  being  heated 
while  the  fourth  is  giving  out  heat  to  the  blast.  The  fuel  con- 
sumption with  a  hot  blast  is  about  one-half  that  with  a  cold  blast. 

CAST  IRON. 

The  iron  produced  by  a  blast  furnace,  known  as  cast  iron  or 
pig  iron,  is  impure.  It  contains  carbon,  phosphorus,  sulphur,  sili- 
con, manganese,  and  traces  of  other  elements. 

Cast  iron  is  brittle,  fusible  and  cannot  be  welded.  It  melts 
at  a  temperature  of  2100°F.  to  2300^F.  Gray  iron  is  more  fluid 
when  melted,  and  not  as  brittle  as  white  iron. 

Cast  iron  is  suitable  for  castings  because  it  expands  at  the 
moment  of  solidifying ;  this  expansion  is  due  to  the  change  in  the 
position  of  the  crystals  and  results  in  a  sharp  impression  of  the 
mould.  The  casting  is  smaller  than  its  pattern  because  the  shrink- 
age in  cooling  from  a  red  hot  solid  is  greater  than  the  expansion 
at  the  moment  of  solidification.  If  iron  moulds  are  used,  the  sur- 
face of  the  casting  becomes  chilled,  which  causes  a  harder  surface. 

The  Tensile  Strength  of  cjist  iron  is  13,000  —  29,000  pounds 
per  square  inch;  Compressive  Strength  82,000  — 145,000  pounds 
per  square  inch;  Modulus  of  P:h\sticity  14,000,000  to  22,000,000. 

Pig  Iron  is  sometimes  graded  Jiccording  to  its  fracture. 
This  method  is  satisfactoiy  if  tlie  inrns  are  made  from  uniform 
ores  and  mixture  of  fuels;  but  is  unreliable  if  the  irons  are  pro- 
duced in  different  sections  of  the  country,  or  from  different  ores. 
Gnuling  by  chemical  analysis  is  better.  There  are  live  standard 
grades  according  to  hardness. 

No.  1.  Gray.  Fracture  rough.  It  is  dark,  open  grain  and  the  softest 
grade.  Ufied  exclusively  in  foundry  work.  Tensile  Strength  low.  Elastic 
Limit  low.     Turns  soft  and  tough. 

No.  2.  Gray.  Mixed  grain.  Harder  than  No.  1.  Fracture  less  rough, 
with  higher  Tensile  Strength  and  Elastic  Limit  than  No.  1.  Used  in 
foundry.    Turns  harder,  less  tough  and  more  brittle  than  No.  1. 

No.  3.  Gray.  Close  grain.  Used  in  foundry  and  rolling  mill.  Turns 
harder  and  less  tough  than  No.  2. 

No.  4.    Mottled.    Dotted  with  small  black  dots  of  graphite.    Little 
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:rain.      Used   in  rolling  mill.    Lower  Tensile  Strength  and  Elastic  Limit 
huu  X4>.  H. 

No.  5.  White,  no  grain,  smooth  fracture.  Used  in  the  Bessemer 
>roo«ss  and  in  the  rolling  mill.  Tensile  Strength  and  Elastic  Limit  lower 
tian  Xu.  4.     Too  hard  to  turn  and  very  brittle. 

XI le  following  tiihle  gives  average  analyses  of  the  various 
grades  of  cast  iron,  tlie  amounts  being  given  as  per  cents: 


OrAde 
N^uiuber. 

Iron.       Graphitic 
Carbon. 

1 

Combined     giUcon. 
Carbon. 

Phos- 
phorus. 

Sulphnr. 

Mangan- 
ese. 

1 

2 

3 
4 
5 

92.37 
92.31 
94.66 
94.48 
94.68 

3.52 
2.99 
2.50 
2.02 

.13 

.37 

1.52 

1.98 

3.83 

2.44 

2.52 

.72 

.56 

.41 

1.25 
1.08 

.26 
.19 
.04 

.02 
.02 
Trace 
.08 
.02 

.28 
.72 
.34 
.67 
.98 

INFLUENCE  OF  CARBON,  SILICON,  PHOSPHORUS,  SULPHUR  AND 

MANGANESE. 

Carbon.  The  state  of  the  carbon  in  the  pig  iron  Is  a  most 
important  factor  in  the  quality.  If  the  carbon  is  combined  with 
the  iron  in  the  form  of  an  alloy,  a  hard,  brittle,  white  iron  is  pro- 
duced. If  it  is  present  mainly  as  graphite  distributed  as  small 
crystals  throughout  the  entire  mass,  the  iron  is  soft  and  gray  in 
color,  but  not  as  strong  as  white  iron.  Gray  Iron  expands  more  on 
solidifying  and  contracts  less  in  cooling  than  white  iron. 

Silicon.  The  amount  of  silicon  and  the  rate  of  cooling 
determine  the  proportion  of  graphitic  to  combined  carbon  in  the 
casting.  Increasing  the  silicon  in  cast  iron  increases  the  propor- 
tion of  graphitic  carbon,  thus  making  the  iron  softer.  A  large 
quantity  of  silicon  renders  the  iron  stiff  and  weak. 

Phosphorus,  Phosphorus  in  general  weakens  cast  iron,  but 
it  is  not  harmful  if  less  than  1  per  cent  is  present.  In  some  cases 
phosphorus  is  beneficial,  as  it  decreases  shrinkage  and  increases 
fluidity.  For  small,  thin  cjistings,  iron  may  contain  a  little  over 
1  per  cent  phosphorus. 

Sulphur.     Sulphur  makes  castings  hard  and  unsound.      It 
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also  prevents  the  iron  from  flowing  welL  The  amount  of  suli)hnr 
shoukl  not  l)e  over  .5  per  cent  for  sharp  castings. 

Manj^anese.  Manganese  in  cast  iron  increases  hardness  and 
shrinkage  and  makes  it  more  brittle.  Manganese  makes  the*  iron 
capable  of  holding  more  carl)on.  Sometimes  the  amount  of  carl)on 
is  as  high  as  5  per  cent,  as  in  Spiegel. 

Manganese  with  some  chill  is  used  in  the  foundiy  to  j)roduce 
hardness  of  surface.  The  magfuetism  of  iron  is  decreased  by 
manganese  ;  if  25  per  cent  is  present  all  magnetism  is  lost. 

CASTINGS. 

In  order  to  get  a  good  casting,  an  iron  having  the  following 
r**quisites  should  be  used  : 

Shows  gray  fracture. 

Ib  easily  worked  by  tools. 

Fills  the  mould  to  the  thinnest  parts. 

Chills  with  a  smooth  surface. 

Free  from  blow-h(des. 

Has  moderate  strength. 

Little  shrinkage. 

An  iron  with  the  following  constituents  fills  these  conditinns: 

Carbon,  8,'/2  per  cent. 

Silicon,  1^'^  ]>er  cent  to  2  i)er  cent. 

Phosphorus,  not  over  .7  per  cent. 

Sulphur,  only  atratre. 

Manganese,  .^55  \tvY  cent  to  .70  pt'r  cent. 

For  larg^e  castinjxs  lower  the  silicon.  For  increase  in  strenirth 
low(^r  the  carl):>n,  silicon  and  avoid  phosphorus.  For  lesistancc 
to  (tliemical  action  make  the  manganese  as  high  as  brittleness  will 
allow. 

Silver-gray  and  ferro-silicon  irons  are  used  to  increase  silicon. 
S|)iegel  and  ferro-m:mganese  are  used  to  increase  manganese. 
Both  wrought  iron  and  steel  scraj)  are  used  to  reduce  carbon. 

riALLEABLE  CAST  IRON. 

ivlalleable  ca^t  iron  is  a  crude  form  of  wrought  iron  obtained 
by  decarbonization.  The  castings  are  made  in  the  ordinary  way 
from  low  silicon  iron  with  little  i)liosphorus  and  sulphur  ;  th^y 
are  embedded  in  oxide  of  iron  or  i)ei()xide  of  manganese  and 
heated  to  a  red  heat  until  most  of  the  carl>on  is  removed  from  the 
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mrhce.      Thp   time  necessiiry  for  ihin  opei«ti«n  is  tUrtw  to  four- 
tom  dnyft,  deiiending  upon  the  nirx  of  the  uiiutiiig. 
An  analysis  for  good  nmllenhle  iron  ik  : 

.20  per  cent. 


SI  .75— I.OOjiorci 

S  bolow  .(K  jivr  nt 

ThU  wil  be  »  Nu.  .1  iron. 


Mil  .40  to  75  per  c< 


In  making  mullesible  uHstin^jis,  Hliari>  luiglea  mul  iLhi-upt 
duuiges  from  heavy  to  li^lit  sections  should  lie  iivoided.  Sevei-al 
tlun  ribs  in  place  of  one  thick  rib  Khould  bi>  used.  Ah  mnch  hui-- 
hc«  as  posKiMe  should  Iw  ex|ioK«d,  it.-«  tlie  sti'ei);;th  Um  in   the 


WROUGHT  IRON. 

Removing  most  of  tlio  (.-arlKiit,  silicon,  pliosjilionis  and  inHiij;iiii- 
ess  from  pig  iron  muke-s  it  ti>ii;;h,  malk':il>lo,  hHi-ilDi-  to  inelt  mid 
capable  of  being  welded.  This  iron  is  known  iis  u'rou^lit  iron, 
uid  is  obtained  tiy  a  process  i-jillcd  puddling.  The  o|H.'ration  of 
niiikinir  \vroii<'iit  imn  from  tlic 


ore  is 


ciillrd  »  Direit  I 


itv  it 


lall  and  v 


KiB-  i. 


On  iU'i^'iiint  of  lis  s 
H-.IS  the  lii-st  iwd. 

Tin:  Din.l  I'l 
tarried  im  lit  ti  low  tc 
tlitr  iiniduL'tiin 
jiMf,  and  ftlioiU  20  pr 
til.-  iron  in  tluM.n-ish 
..I'th.M.M.'st  ni.-tliuds. 
wrought  iron  dintcthfrwni  thi-int'is  tln-Cataliin  I'lm  r.-is.  <  )ii'if('<jj,' 
size  is  clmrgvd  at  It.  Fij,'.  li.  and  cliai.-oal  lU  .\.  .U  tlir  snirltiii- 
prognsAes.  chanoid  und  inoiMt  liini  ore  are  rliaigi'd  ni  A.  As  tin- 
Ofe  becomes  i-ednui-d  it  works  towanls  ihi-  iiiyii-c:  whi'ii  ii  is  all 
rednced  it  U  tak<-ii  mil  in  a  laiL^i:  liitnp 
iioriced  under  a  liainnier. 

There  ar"  «thci    piv>i-esM-s.  l.m 
most  all  have  l^een  aliaiidoncd. 


;:il1.-d    I 


h.-v 


n-    iiiii 


lakini: 


imI 


THE  PUDDLINd  PROCESS. 

The  rt"Hnin<r  of  pi;(  imii  liy  piiiMliiii;  innvf 
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iron.     This    pi-ocess   ia   ciirried   on  in   a   reverberatory    fimiHce. 
Fig.  3  shows  sectional  view  of  the  pUii  and  elevution. 

Tlie  furnace  liaa  a  low-aiclieil  roof  and  oval  lieartli  II.  The 
flame  from  the  lire  ^lasses  over  iho  ehafge  of  iron,  which  is  melted 
by  the  intense  lieat.  The  pig  iron  used  in  this  proeess  is  jjniy 
and  unrefined  and  has  more  silicon  than  white  iron.  Tlie 
fettling  or  lining  L  of  the  hearth  is  made  of  good  miignctite  or 
hematite.      The  fettling  is    repaired    after    every  heat. 


Carbon,  silicon,  matifraTicsc.  pliosjilionis  and  snlplmr  nnite 
with  (ixyfren  fi'oni  the  hot  bliist  and  the  iron  ore  lining,  thus  re- 
ducing tlie  niolU'ii  nielal  to  wnmght  ii-on.  In  ordi-r  tliat  the 
whole  of  the  niftjil  may  come  in  contact  with  the  fettling  it  is 
Mtiired  constantly  hy  rods  called  -  rahhles."  It  takes  abont  thirty 
miniitc^s  to  melt  down,  and  tlieii  carbon  l)egia8  to  bo  oxidized  to 
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CO  gas,  which  makes  a  violent   boiling  for  about   15  minutes. 

Tlie  silicou,  manganese,  etc.,  oxidize  and  form  a  slag.     When  all 

the  carbon  is  boiled  out,  bright  points  appear  and  the  iron  becomes 

p»ty.     The  iron  is  gathered  into  balls  and  tlien  worked  under 

the  hammer  and  rolls  to  expel  the  slag.     It  is  afterward  reheated 

and  rolled  between  grooved  rollers,  which  causes  the  particles  to 

become  close  together.     If  the  bar  is  rolled  once  it  is  Ciilled  nuick 

bar;  if  cut  up,  heated  and  rolled  again,  merchnnt  bar  ;  the  best 

bar  iron  is  rolled  a  third  time. 

The  Puddling  Process  and  the  manufacture  of  wrought  iron 
is  gradually  giving  way  to  mild  steels  ;  but  because  of  the  small 
amount  of  sl.ig  it  contains  between  the  fibres,  which  acts  as  a  flux, 
wrought  iron  welds  much  easier  than  steel  and  is  preferred  by 
blacksmiths. 

The  Puddling  Process  is  expensive  on  account  of  the  large 
amount  of  fuel  used  in  the  production  of  metal.  About  one  ton 
of  fuel  is  neceasary  to  produce  one  ton  of  muck  bar.  For  this 
reason  and  on  account  of  the  expense  of  the  mechanical  work  of 
puddling,  many  efforts  have  been  made  to  produce  a  cheaper  and 
more  simple  process. 

Boilers  have  been  mounted  over  the  furnace  to  utilize  the 
waste  gases  as  fuel,  but  on  account  of  the  fluctuating  heat  of  the 
furnaces  they  have  not  l)een  entirely  successful.  \Vater-tul)e 
boilers  mounted  in  this  way  have  been  the  most  satisfactory. 

There  are  several  contrivances  to  save  fuel  and  labor,  but  Jis 
the  mectianism  is  likely  to  get  out  of  order,  they  are  not  always 
reliable.  For  saving  of  lal)or,  the  Dank's  Puddlint;  Furnace. 
Fig.  4,  Ls  the  most  elhcient  and  satisfactorj-  of  the  mechanical 
puddlers.  It  is  shaped  like  a  short  barrel,  lying  on  its  side.  It 
is  supported  by  friction  rollers,  two  at.  each  end,  and  driven  by  a 
large  gear  G  around  its  middle.  In  this  furnace  the  revolving  of 
the  hearth  takes  the  place  of  puddling  or  stirring  by  hand. 

Iron  ore  worked  in  layers  at  low  heat  forms  tlM»  fettling.  It 
is  fed  with  molten  iron  from  a  furn«'ice  by  means  of  a  ladle.  In 
some  places  this  furnace  Ls  used  for  ordinary  puddling,  and  in 
others  for  making  wrought  iron  for  the  Open-liearth  and  Siemens 
Proeesses  for  making  steel. 

Wrought  iron  contains  from  .5   per  cent  carbon  to  only  a 
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bace;  as  carbon  decreases,  malleabiltty  increases,  and  the  meltii^ 
point  rises.     The  melting  point  of  good  wrought  iron  is  about 


Wrought  iron  contiins  about  2  ppr  cent  of  slag  distributed 
among  tii3  fibres.     It  is  always  present  beciiuse  the  iron  is  finished 
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in  a  i>asty  condition  and  the  slag  is  never  completely  removed  by 
tlie  subsequent  squeezing  and  rolling. 

The  fracture  of  wrouglit  iron  is  coarsely  fibrous,  sometimes 
showing  a  few  bright  granular  spots.  The  best  iron  is  granular 
when  broken  suddenly. 

The  reduction  of  area  of  bars  by  rolling  influences  the 
strength  and  elastic  limit.  In  geneml,  the  greater  the  reduction 
the  higher  the  strength  and  elastic  limit.  Underheated  bars  have 
an  unduly  high  tenacity  and  elastic  limit. 

The  absolute  strength  of  wrought  iron  is  not  materially 
altered  by  cold.  The  extensibility,  or  ductility,  is  not  less  in 
severe  cold  than  at  ordinary  temperature.  The  modulus  of 
elasticity  rises  as  the  temperature  falls. 

WELDING. 

The  i)rtx?ess  of  welding  consists  of  heating  two  pieces  of  iron 
to  a  high  tenipeniture,  laying  them  together  and  hammering. 
Borax  is  sometimes  sprinkled  on  the  surfaces  to  be  united,  in 
order  to  keep  them  bright.  This  is  accomplished  by  the  union  of 
borax  A^th  the  oxide  forming  a  fusible  borate.  In  order  that  the 
form  of  the  piece  after  welding  may  not  be  spoiled  by  ham- 
mering, the  two  ends  to  be  joined  are  upset  and  scarfed.  The 
upsetting  makes  the  ends  larger,  so  that  they  may  be  hammered 
without  making  the  joint  too  small,  and  the  scarfing  roughens  the 
ends,  making  the  pieces  join  more  easily. 

STEEL. 
CEMENTATION  PROCESS. 

Cement  or  blister  steel  is  made  from  wrought  iron  by  this 
simple  process.  The  purest,  soft  wrought  iron  is  heated  to  red- 
ness while  completely  covered  with  charcoal.  The  temperature  is 
kept  constant  for  over  a  week.  The  iron  takes  up  some  of  the 
carbon  from  the  charcoal  and  is  converted  into  steel.  It  is  called 
blister  steel  on  account  of  its  appearance,  the  surface  being 
covered  with  small  scales  or  blisters.  These  bai^s  of  blister  steel 
are  cut,  heated  and  rolled  tc^ether,  fonning  shear  steel.  If  the 
process   is   repeated,  the   product  is   called  double   shear  steel. 
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Blister  steel  that  has  been  cut  up,  melted  in  a  black-lead  pot  and 
cast  in  an  ingot,  is  called  cast  or  crucible  steel. 

The  metal  used  in  Sheffield,  England,  is  wrought  iron  made 
from  Swedish  pig  iron.  Hammered  wrought  iron  bai*s  are  laid  in 
tires  to  lie  pots  in  layei*s,  surrounded  with  charcoal.  At  one  end  is 
placed  a  test  bar,  so  arranged  that  it  may  be  drawn  out,  examined, 
and  returned.  The  temperature  is  gradually  increiised  for  7  days 
to  about  1150°  F.,  and  then  the  furnace  is  kept  at  this  temperature 
for  7  or  8  days  more.     It  takes  7  days  for  it  to  cool  down. 

When  the  bai-s  are  taken  from  tht;  charcoal,  the  outside 
layera  are  converted  into  steel,  leaving  the  center  wrought  iron. 
The  use  for  which  this  steel  is  intended  determines  the  amount 
of  convei"sion  ;  the  various  kinds  are  classified  as  follows: 


(1)     Sjn-ing  heat,  .5  per  cent  C. 


Large  iron  center. 


(2)     Country  heat,  JU]  per  cent  C. 
Smaller  iron  center. 


(•>)      Siii^rlc  sliciir  lifjit,  .75  per  t^ciit  C, 
E(pi;il  iron  and  steel. 


(4)      Double  shear  heat,  1  })er  cent  C 


Mostly  steel. 


(5)  St<'e)  through  heat,  1.-5  [)ercentC.         5 

All  steel.  AND 

(<>)  Melting  lieat,  1.5  pvv  cent  C.  6 
All  steel. 


The  reaction  which  t^ik(\s  plae<j  is 
4Fe  -1-  2('()  :=  Ke^C    }-  CO^. 


352 


METALLURGY.  19 


CRUCIBLE  PROCESS. 

Tlie  materials  are  bar  iron  with  charcoal,  puddled  bar  or 
blister  steel  and  charcoal.  The  crucibles  are  made  of  clay  or 
graphite,  with  a  cai)acity  of  50  to  85  pounds.  The  cliarge  is  put 
into  the  crucible,  Jind  after  melting  is  allowed  to  stand  for  a  time, 
called  the  killing  period,  and  then  poured  into  moulds. 

In  American  practice,  graphite  crucibles  arc  used,  which  are 
made  from  a  mixture  of  fire-clay  and  saiul,  and  about  50  per  cent 
graphite.  This  mixture  is  ground,  allowed  to  stand  for  a  few 
days,  and  is  then  moulded  by  l)eing  pressed  into  a  wooden  mouhl. 
When  dry,  it  is  baked  in  a  kiln.     These  crucible^j  can  be  used 

ftp 

about  five  times,  if  tlio  successive  charges  aie  gradually  diminished 
in  amount. 

The  crucible  is  charged  cold.  The  pieces  of  iron  are  sur- 
rounded with  cliarcoal,  with  a  little  manganese,  and  sometimes  a 
little  salt  or  ferrocvanich^  of  potassium  mixed  with  it.  This  cru- 
cible, after  being  coveivd,  is  placed  standing  on  the  coal  in  a  hot 
furnace.  After  three  liours,  during  which  tlie  contents  are 
melted,  the  cover  is  lift<Ml,  and  the  melter  examines  the  charge 
to  determine  the  length  of  the  '•killing"  period.  During  this 
period,  which  is  about  45  minutes,  the  metal  is  becoming  tran- 
quil and  is  taking  silii^on  from  tht*  sand  in  the  walls  of  the  cru- 
cible. The  silicon  prr  vents  Wow-holes.  At  the  right  time  and 
tenn>erature  the  crucible  is  lifted  out  and  the  slag  skimuied  off. 
The  metid  is  now  ready  for  cjusting,  or  **  teeming.''  This  is  done 
by  pouring  the  metal  into  split  moulds. 

The  ingots  are  grachnl  and  hammered  into  bai-s  for  different 
iLses.  Crucible  steel  furnishes  the  linest  grades  for  cutlery  ami 
machine  tools;  it  is  superior  to  Bessemer  and  Open-hearth  steel, 
because  pure  materials  are  used  and  the  process  is  carried  on  in  a 
closed  vessel,  thus  protecting  the  m<»tal  from  sulphur  gases  from 
the  fuel. 

It  has  low  phosphorus,  low  sulphur,  no  iron  oxide,  less 
gases,  high  carbon  and  high  silicon. 

Crucible  steels  are  graded  jus  foUows  : 

Razor,     lyi  per  cent  C.     Easily  burned,  very  liiinl  temper,  welded  with 
difficulty. 

'flic.     Ifi  per  cent  C      Not  easily  burned,  hard  temper. 
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Tool.  1}<  per  cent  C.  Not  easily  buraed,  bard  temper,  welded  with 
difficulty. 

Spindle.  l}i  per  cent  C.  Not  e^lly  burned,  bard  temper,  welded  witb 
difficult;. 

Qbiaal.    1  per  cent  C.    Not  easily  burned,  fair  temper. 

Set.     ^  per  cent  C.     Difficult  to  bum,  little  temper,  easy  to  weld. 

Die.    y  per  oent  C.    Difficult  to  bum,  little  temper,  easy  to  weld. 

THE  BESSBMBR  PROCESS. 

Bessemer,  by  his  experimeDts,  found  tlmt  tlie  temperature  of 
molten  metal  was  I'Hised  by  blowing  a  current  of  air  tbrough  it. 


Pig.  6. 

He  tried  to  mnke  wrought  iron  from  pig  iron,  but  found  uhat 
the  metal  tiiben  fiom  tlie  couvoi-ter  at  that  point  was  worthless; 
by  ifistoring  carbon  by  means  of  an  altoy  the  product  was  better 
than  wrought  iron. 

liy  this  pi-i>ceHS  steel  i^  ma<le  from  pig  iron  by  burning  out 
the  foi'eign  substances  and  replacing  the  necessary  amounta  of 
cat'boii,  and  manganese.     These  foreign  sutistaiices  —  silicon,  car- 
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**ou  and  manganese  —  are  burned  out  by  blowing  a  blast  of  cold 
^^  through  the  molten  pig.     The  desired  amounts  of  carbon  and 
^^^nganese    are    replaced   by   mixing   the    proper   proportion    of 
Spiegel  with  the  molten  pig. 

The  process  is  carried  on,  not  in  a  furnace  but  in  a  vessel 
^^ed  a  convei-ter,  in  which  molten  pig  is  "  converted  "  into  steel. 
There  are  several  foi-ms  of  convei'ters.     Fig.  5  shows  a  con- 
Centric  converter.     It   is  round,  with  a  detachable  flat  bottom. 
The  outer  cjising  is  of  sheet  iron.     It  is  filled  and  emptied  at  the 
tioee  A.     The  current  of  cold  air  enters  through  the  pipe  C,  and 
passes  through  the  trunnion  T.     It  entei*s  the  converter  from  the 
wind-box   B,  passing  through  the  tuyeres  F.     The  tuyeres  are  of 
fire  brick  24  to  28    inches  long,  and  have  19  holes  -^^  inch  in 
diameter,  or  7  holes  |  inch    in  diameter.      The  trunnion  rings 
N  are  fastened  to  the  converter,  which  turns  on  the  trunnions  T 
The  bottom  is  coupled  on  with  clamps. 

The  pig  iron  is  not  melted  in  the  converter,  but  poured  into 
it  in  a  molten  state. 

There  are  two  processes  of  working. 
(1.)  The  Acid  Bessemer. 

(2.)  The  Basic  Bessemer,  or  Thomas-Gilchrist. 
The  difference  is  in  the  lining  of  the  convei-ter.  If  this 
lining  is  acid  (siliceous)  no  phosphoi-us  or  sulpliur  is  burned  out 
of  the  pig.  Only  irons  with  small  amounts  of  these  elements 
can  be  used  in  this  process.  If  the  lining  is  of  lime  or  magnesia 
all  the  phosphorus  and  almost  all  of  the  sul[)liur  can  be  burned 
out.  Only  a  high  phosphorus  pig  can  be  used  in  the  bjisic  proc- 
ess, as  the  heat  needed  to  keep  the  steel  liquid,  during  casting, 
is  obtained  from  the  phosphorus. 

The  Basic  Process  is  used  in  Germany  with  good  results. 
In  both  processes  the  carbon,  silicon,  manganese,  etc.,  are 
oxidized,  leaving  the  molten  iron  in  a  condition  similar  to  that  of 
wrought  iron.  The  carbon  passes  away  as  CO,  and  the  oxides  of 
silicon  and  manganese  with  a  little  iron  oxide  form  a  slag.  Molten 
Spiegel  is  added  to  give  it  the  necessary  carbon,  and  a  little 
manganese  to  make  it  malleable.  The  molten  pig  is  obtained  i  n  two 
ways ;  by  melting  the  pig  in  cupolas,  called  the  Cupola  Process ;  and 
by  taking  the  ii*onfrom  the  blast  furnace,  called  the  Direct  Process. 
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THE  CUPOLA  PROCESS. 

Pig  iron,  from  piles  whicli  have  been  sampled  and  analyzed, 
is  loaded  into  trucks  and  wheeled  to  the  cupolas.  The  composi- 
tion of  this  mixture  is  about  as  follows  : 

Silicon  1.75  per  cent. 

Manganese  .75  per  cent. 

Sulphur  less  than  .05  per  cent. 

Phosphorus  less  than  .10  per  cent. 

Copper  less  than  .10  per  cent. 

This  is  weighed,  hoisted  to  the  cupola  and  dumped  in. 
Spiegel  is  sampled,  analyzed  and  melted  down  in  smaller  cupolas. 
The  fires  in  the  cupola  are  started  with  wood  upon  which  is 
placed  coke ;  the  charges  of  pig  iron  being  dumped  on  the  coke. 
It  takes  about  two  hours  to  melt  the  fii-st  charge.  As  some 
silicon  burns  out  in  the  cupola  the  percentage  is  reduced.  When 
the  iron  goes  into  the  converter  tliore  must  be  from  1  to  2  per 
cent  silicon  present,  depending  on  the  temperature  of  the  iion. 

THE  DIRECT  PROCESS. 

In  the  ordinarv  blast  furnace,  different  casts  differ  too  much 
in  silicon  and  sulphur  to  allow  taking  the  metal  as  it  flows  from 
the  furnaces  into  the  ladle  and  then  to  the  converter.  Therefore, 
it  is  first  poured  into  large  reservoirs  or  inixei"s,  in  which  the 
casts  from  the  different  furnaces  are  mixed.  In  Sweden,  how- 
ever, the  product  from  a  number  of  small  charcoal  furnaces  is 
regular  enough  for  the  iron  to  be  used  directly.  The  iron  is 
tiiken  from  the  mixers  as  wanted  and  used  as  cupola  iron.  If  the 
iron  stands  in  the  mixer  a  long  time  some  sulphur  is  eliminated, 
but  no  carbon  or  silicon.  To  prevent  the  iron  from  chilling  on 
top,  a  jet  of  oil  is  sprayed  over  it.  As  the  temperature  of  direct 
iron  is  greater  than  that  of  cupola  iron,  less  silicon  is  needed. 

Blowing.  The  heated  bottom  is  coupled  on  and  the  joint 
ranuned  tight  from  the  outside.  When  the  lining  is  made  yellow- 
hot  by  means  of  a  fire  of  wood  and  coal  with  a  gentle  blast,  the 
iron  from  the  cupola  or  the  mixer  is  poured  in  and  the  blast 
turned  on. 

The  converter  is  turned  u{)  to  a  vertical  pasition,  as  shown 
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,  6,  as  it  18  filled  when  turned  down  on  its  sldu.     The  blast 

■  up  tlirougli  the  biith,  and  silicon  begins  to  oxidize  raising 

iin[)erature  high  enough  fur  the  carbon  to  burn.      Carbon 

i  ti>  CO.     Tlie  blower  juilges  whether  there  will  be  enough 

t"  keej)  tlie  steel  liquid  during  the  casting,  by  the  api>ear- 

nf  the  flame  which  conies  out  of  the  throat  of  the  converter. 

I'  thinks  there  will  not  be  enough  heat,  the  converter  is  turned 

I'-wiiy  down  and  the  CO  bums  to  C0„.      Fig.  7  shows   the 

iverter  turned  down  until  the  tuyeres  are  exposed. 


Flu-  6- 


FiR.  7. 


In  case  there  is  too  much  silicon  for  gowl  workin^r,  or  if  the 
cliarge  is  too  hot,  cohl  steel  Bunip  is  dropped  into  the  nose  of  t!ie 
conveiter  fii^n  a  platform  aljove.  Tile  scrap,  iK-ing  free  from, 
silicon,  reduces  the  |)ercent^e  of  silicon  in  the  converter.  If 
the  steel  is  made  too  hot  it  will  not  roll  well.  Sometimes  il  jet 
of  steam  is  admitted  to  the  blast  pipe  to  cool  <lowti  a  cliarge. 
The  carbon  is  reduced  to  about  .05  i>er  cent  sifter  about  12 
minutes  blowing  under  a  pressure  of  30  j>ounds  per  square  inch. 
This  is  shown  by  a  shorter  flame.  An  instant  later  the  flume 
becomes  fringed  with  brown  smoke  which  is  Fe^O^.  Tlie  con- 
verter is  now  ready  f<)r  the  spiegel.  The  spiegel  contains  about 
■JO  |(er  cent  manganese  and  4..')  jwr  cent  carlxin,  H  hai-d  steel  is 
lieing  made,  spiegel  is  used,  but  if  it  is  to  Ixt  soft,  wliich  ivquires 
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some  iiianganeBe  »ncl  but  little  caibon,  ferro-maiiganeBe  is  used  in- 
Hlejid  of  Spiegel.  This  1i:is  80  per  cent  manganese  and  6.5  per  cent 
oHrbon.  The  iimount  of  multcii  apiegel  added  is  alx>ut  10  per 
cent  of  the  weight  of  the  converter  chaise,  and  of  ferro-mangaiiese 
from  1  per  cent  to  .8  per  cent.  The  fei-ro-nianganese  is  not  remelted 
hnt  shoveled  red  hot  in  pieces  tlie  size  of  an  egg  into  the  casting 
ladle.  After  the  steel  luis  lieen  pomed  out  into  the  Lidle  most 
of  the  slf^r  remains  in  the  converter.  It  is  dumped  into  a  car 
beneath  by  tipping  tlie  con\'ert«r  bottom  up.  This  loss  or  waste 
is  fi-om  10  per  cent  to  12  per  cent. 

The  charge  varies  from  5  tons  in  a  small  converter  to  20 
tons  in  a  large  i»ne,  and  a  new  cliaige  is  blown  every  twenty 
minutes.  The  bottoms  «(  tlie  ctrnvei-tei-s  ak  examined  and  any 
ImmI  tnyeies  are  plugged  with 
phimhago  mud  and  blanked. 
The  life  of  one  of  these  bottom.^ 
varies  from  Ifi  to  2.5  "blows." 
The  lonilitions  whicli  injure  the 
iMitlom  ai-e  low  blast,  a  great 
depth  of  metal  alwve  the  tuyeres, 
too  much  Al.iOj  and  FcjOg  in 
the  giiiiister  mlxtui-e,  and  damji- 
ne«s  ()f  the  refiairing  material. 
The  Iiottoms  ai-o  dried  four  days 
in  a  drying  oven;  sevenilof  these 
are  always  kept  on  hand  drying,  for  if  not  absolutely  diy,  they 
aie  useless. 

"Acid  "  Converter  Lining.  < 'onverters  are  lined  with  blocks 
of  ganister  with  the  joints  faeed  with  giinister  mud.  If  pure 
ganister  is  ii.sed  it  is  likely  to  give  tnmbhi  on  account  <if  its  ex- 
pansion under  liciit.  Too  iiimh  Al.^O^  eauses  the  lining  to  nitwit 
out  r.tpidly.  The  Ixittoui  is  lined  with  a  mixture  of  ground  gaii- 
ister  and  fire  clay.  fJanisier,  a  flinty  sandstone,  is  comixised  of 
alniut  98  per  cent  of  SiO.j  with  about  1  per  cent  or  2  i>or  cent 
.>f  Fc./)3  + A1..0,.  The  tire  (thiy  has  about  86  jwr  cent  of 
SiO.,.  10  per  eent  Al,(),,  and  4  ])er  cent  of  alkalies.  If  the 
niiingancse  in  thc^  pig  iron  is  less  ihun  11  per  cent  the  linings 
kust  for  uionlhs.      \    higii  lime  slag  in  the  pig  will  rapidly  flux 
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the  SiOj  of  the  lining.  The  nose  section  is  lined  with  briL-k  or 
stone  and  lasts  but  a  short  time. 

The  Casting  Ladle.  The  general  shape  and  ari-angement  of 
the  casting  ladle  is  sliown  in  Fig.  8.  The  shell  is  mude  of  iron 
plate  and  is  lined  with  a  layer  of  brick  and  upon  this  is  pounded 
moist  loam.  The  bottom  G  is  made  of  rammed  ganister  mate- 
rial. The  pouring  hole  is  fitted  with  a  cylindrical  brick  nozzle, 
with  a  hole  2  to  4  inches  in  diameter.  The  stopper  A  sets  upon 
a  bowl  shaped  seat.  The  stopper  and  stopper  slide  are  shown  in 
the  figure.  The  end  of  this  stopper,  which  fits  the  seat,  is  made 
of  plumljago.  Tlie  lining  of  the  casting  ladle  lasts  about  40 
blows.  A  new  nozzle  and  sto{)per  is  put  in  about  every  fourth 
blow. 

rioulds.  The  moulds  must  be  hard  enough  to  withstand  the 
strain  caused  by  expansion  and  contraction  when  heated  or 
cooled,  yet  not  brittle.  These  moulds,  if  made  of  iron  have 
a  composition  as  follows  : 

Silicon  1.7    per  cent 

Phosphorus  .1    per  cent 

Manganese  .75  per  cent 

Moulds  are  made  of  gi*ay  ii'on  as  white  iron  is  too  brittle 
These  moulds  last  about  90  operations. 

INGOTS. 

Method  of  Pouring.  Great  care  is  necessary  in  the  pouring 
of  ingots.  They  should  be  poured  in  such  a  manner  jus  to  pre- 
vent s{)attering,  oxidation  of  the  surface  and  injuiy  to  the  mould. 
There  are  tbree  principal  methods:  Top  pouring,  the  most 
natural,  bottom  pouring,  and  a  combination  of  top  and  lx>ttom 
pouring.  The  greatest  objection  to  ordinaiy  top  pouring  is  that 
of  spattering  and  oxidation  of  the  surface.  These  are  partly 
ovei*come  by  the  admission  of  the  molten  metal  through  a  pipe 
which  reaches  nearly  to  the  bottom  of  the  mould.  Bv  mechanical 
means,  this  })ipe  slowly  recedes,  so  that  the  distance  between  ihs 
end  and  the  surface  of  the  metiil  is  nearly  constant.  If  the  mould 
is  bottom  poured,  the  metal  at  the  bottom,  being  kept  hot,  has  a 
tendency  to  thin  the  bottom  and  walls  of  the  mould.  If  they  be- 
come too  thin  they  are  likely  to  crack  or  burst.     The  slag  has  to 
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rise  through  the  entire  coluinii  of  metal  and  if  this  becoTnes 
cooled  particles  of  slag  become  entangled.  Also,  the  slag  lias  a 
tendency  to  solidify  in  the  pipe  by  wliich  the  metal  is  introduced, 
thus  causing  poor  ingots.  The  best  results  have  been  obtained 
from  {J  combination  of  top  and  bottom  pouring.  During  the  first 
half  of  the  time  the  metal  is  l>ottom  poured  and  then  finished  by 
top  pouring.  In  this  case,  the  gases  and  slag  have  only  a  short 
distance  to  rise. 

5hape  of  Ingots.  Ingots  are  usually  square  with  rounded 
corners  slightly  tapered  to  one  end,  so  that  they  may  he  easily 
removed  from  the  mould. 

Gases  and  slag  rise  to  the  top  of  the  ingot.  Sometimes  a 
"pipe "is  foi-med  in  the  center  by  the  metal  solidifying  and 
shrinking  away  from  the  center.     To  prevent  this  the  top  is  kept 

liquid  longer  by  a  covering  of  sand. 
It  is  advantageous  to  keep  the  cavity 
near  the  top,  so  that  a  largo  portion 
of  the  ingot  will  l)e  sound.  Another 
method  is  to  cast  ingots  one  on  top 
of  the  other  in  a  column,  iK)unng  one 
as  soon  as  the  preceding  one  has  l)egun 
to  solidify.  This  brings  the  cavity 
and  imperfections  in  the  last  inorot. 
Another  leniedy  is  to  CrUst  the  ingots 
longer  than  is  necessaiy  and  cut  ofV 
the  top;  Init  tlds  is  a  \fiiste  of  metal 
for  the  cut  off  portion  has  to  Ix' 
remelted  and  recast.  Another  way  is  to  make  the  top  rounding, 
in  order  to  allow  the  impurities  and  gases  to  collect  in  the 
rounded  part. 

We  learn  from  Chemistry  tliat  the  solubility  of  irsuses  in 
liquids  increases  with  j>ressure  ;  this  ])rinciple  is  made  use  of  in 
the  casting  of  ingots.  The  mould  is  arranged  as  in  the  accom 
paiiying  diagram.  Fig.  9.  The  outside  S  is  formed  of  steel  in 
which  is  a  thin  layer  C  of  i)erf()rated  cast  iron,  the  mould  being 
lined  \vith  moulding  sand  M.  The  top  plunger  A  is  stationary 
The  mould  is  made  to  rise  by  powerful  machinery.  When  the 
metal  has  begun  to  solidify  the  mould  is  mised  until  the  pressui^ 
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H^eomes  10  to  20  tons  per  square  inch;  this  pressure  is  kept  on 
or  al)out  20  minutes.  The  gases  are  not  squeezed  out  by  thie 
)roces8 ;  the  pressure  tends  to  dissolve  them.  This  process  is 
isetl  in  making  armour  plate  and  gun  tubes,  but  is  too  expensive 
for  ordinary  use. 

Rail  riakins:.  Very  soon  after  an  ingot  is  poured  it  com- 
mences to  solidify  at  tlie  surface.  A  solid  shell  forms  with  a  pasty 
i)r  liquid  interior.  As  the  ingot  cannot  l>e  rolled  until  it  has  be- 
come of  uniform  softness  it  is  put  in  a  "soaking  pit."  By  means 
of  currents  of  hot  g;ises,  the  ingot  soaks  or  equalizes,  that  is,  it 
becomes  uniform  throughout.  It  soaks  in  these  hot  gases  for 
about  an  hour.  The  ingot  is  tiiken  from  the  soaking  pit  by 
an  electric  trnveller,  and  is  rolled  down  in  the  blooming  mill  to 
a  "  bloom ''  of  about  7  inches  by  7  inches  in  section,  wliich,  after 
the  ragged  edges  have  been  cut  off  by  hydrjiulic  or  steam  shears, 
is  finislied,  without  re-heating,  in  a  rail  mill.  Sometimes  the 
bloom  is  allowed  to  pjirtially  cool  and  is  then  reheated  before 
l)eing  finished.  This  process  is  expensive  on  account  of  tlie  fuel 
and  labor,  but  it  reduces  the  numl)er  of  defective  rails.  The 
whole  ingot  is  rolled  in  the  rail  mill  into  one  long  rail,  and  this 
is  cut  into  standard  lengths  by  hot  saws.  After  the  rails  cool 
they  are  straightened  in  steam  presses  and  are  then  inspected 
and  b<»lt  holes  drilled  in  the  ends.  Steel  rails  have  the  following 
composition : 

Carbon,  .40  per  cent  to  .0    per  cent 

Phosphorus,  .08  jjer  cent  to  .1     per  cent 

Manganese,  .75  per  cent  to  .9    per  cent 

Sulphur,  .05  per  cent  to  .1    per  cent 

Silicon,  .05  per  cent  to  .15  per  cent 

and  sometimes  Copper,  .01  per  cent  to  .2    per  cent 

If  the  carlx)n  is  above  .G  per  cent  the  rail  will  l)e  too  brittle 
and  will  break  under  the  drop  test.  In  this  test  a  heavy  weight 
is  allowed  to  fall  through  a  specified  distance  on  a  piece  of  rail 
about  3  feet  long,  supported  at  the  ends. 

If  the  carbon  is  below  .4  per  cent  the  rail  is  too  soft  to  stand 
the  wear  of  the  car  wheels ;  if  the  phosi)horous  is  al)ove  .1  per 
cent  the  steel  will  l)e  *'cold  short"  (brittle)  ;  if  the  manganese  is 
much  below  .75  per  cent  tlie  ingot  will  crick  in  rolling ;  if  the 
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sulphur  is  above  .1  per  cent  there  will  be  short  featliery  cracks  in 
tlie  ingot  when  rolled,  especially  if  rolled  at  a  low  red  heat.  Sili- 
con up  to  .15  j>er  cent  improves  the  rolling  qualities  of  the  steel, 
but  makes  the  steel  brittle  if  the  percentage  of  silicon  is  much 
higher. 

The  Bessemer  process  is  also  vised  in  making  soft  steel.  This 
steel  is  made  into  barbed  wire,  wire  nails,  hoop  iron  and  sheets 
for  tin  plate  and  galvanized  iron ;  it  is  also  used  for  some  struct- 
ural steels  and  agricultural  implements.  This  steel  has  about  .1 
per  cent  to  .15  per  cent  carbon,  and  .4  per  cent  to  .5  j)er  cent 
manganese. 

About  70  i>er  cent  of  the  steel  made  in  the  United  Stat-es  is 
Bessemer  steel,  and  about  30  per  cent  of  this  is  made  into  rails. 

THE  OPEN  HEARTH  PR0CE55. 

Tlie  Open  Hearth  Process  for  making  steel  is  divided  into 
thi-ee  methods,  according  to  the  character  of  the  material  used. 
Thev  are, 

1,  The  Martin  Process,  in  which  pig  iron  and  scrap  are  used. 

2,  The  Siemens  Process,  or  ''pig  and  ore  "in  which  pig  iron 
an<l  ore  are  used. 

8.  Tlio  Conibination  Phkh'ss,  using  pig  iron,  scrap  and  iron 
ore. 

The  o})en  health  process  wius  made  possible  by  the  invention 
by  Siemens  of  the  regenerative  chambers,  first  successfully  used 
by  JIartin,  and  is  often  called  the  Siemens  and  Martin  proc- 
ess. The  fuel  is  gas,  which  is  burned  on  the  hearth  of  a  large 
reverberatorv  furnace.  Roth  the  rrjis  and  air  ai*e  heated  bv  the 
.  products  of  combustion  in  the  regenerative  chaml>ers,  as  repre- 
sented by  Fig.  10.  Tlie  heated  gas  and  air  enter  the  furnace  on 
:he  left,  burn  on  hearth  II,  and  the  })roducts  of  combustion  pass 
out  and  down  tli rough  the  chainbei's  A  and  G  on  the  right. 
These  cliambers  are  filled  with  fin*  brick  set  up  with  spaces  be- 
tween, called  checkei  work,  which  becomes  heated  to  a  white  heat. 
After  a  time  the  currents  of  gas  and  air  are  reversed  and  pass 
through  the  checker  work  just  lieated,  becoming  highly  heated 
before  they  combine  and  burn,  thus  the  heat  is  **  regenerated." 

The  currents  are  revei-sed  OUce  eveiy  half-hour  Cto  an  hour} 
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and  ft  very  intense  lieat  is  maintained  so  that  the  metal  in  llic 
condition  of  wrought  iron  is  kept  in  a  molten  state. 

Ill  this  countiy  the  combination  process  is  genemllj  used. 
With  this  process  the  scrap  and  pig  iron  are  first  melted.  As  this 
iron  contains  too  much  carbon,  iron  ore  is  added  to  reduce  the 
percentage.  This  process,  like  the  Bessemer,  has  two  main  divi- 
sions, the  Acid  nnd  the  Basic  open-hearth  processes,  having  sili- 
ceous and  lime-magnesia  linings  rcsiiectively,  nnd  like  the  Bessemer 
piocesa,  oidj'  low  phosphorous  iron  can  be  used  with  the  acid  lining 
while  high  phosphorous  stock  is  used  with  the  lime  lining.    In  the 
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llesscmer  proceas  only  medium  anrt  low  carbon  steels  csm  he 
majf.  while  in  the  opcn-besirth,  steel  of  any  grade  oE  carbon  can 
be  matlc.  This  process  also  has  the  advantage  of  Ix-ing  more 
under  control,  and  tlie  product  is  more  uniform,  moi^-  rehiihl.-  and 
contains  less  gas.  Oi»en-hearth  steel  costs  about  *2.00  a  ton  nior<^ 
tlian  Bessemer. 

Open-hearth  steel  is  used  for  making  spring  st<:el  (cailM.n  M 
per  cent  to  1  per  cent)  for  cars  and  wagons ;  structui-.il  sliM-l  fnr 
bridges  and  buildings ;  steel  for  agriculturiil  impli;nicnts  and 
tools;  cast  steel  and  mild  steel  (low  oiirl«a>  for  l>r>il..r  phtlrn 
(aithon  An  per  cent,  and  phcK^phorus  .03  per  cent). 
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The  Bessemer  process  and  opcn-heaitli  pi-ocess  can  be  advan- 
tageously carried  on  together,  as  the  scmp  and  "  crop  ends "  of 
the  Bessemer  are  largely  used  in  the  open-hearth. 

nANAQEHENT,  OR  RUNNING  THE  ACID  PROCESS. 

At  the  start  the  furnace  is  heated  by  a  wood  fire,  and  tlien 
the  gas  is  turned  on  and  lighted.  When  the  temperature  is  suffi- 
ciently higli  to  melt  steel,  the  charge  is  put  in.  It  consists  of  one- 
third  pig  iron,  and  the  rest  wrought  iron  and  steel  scrap.  On 
account  of  tlie  low  melting  point  of  pig  iron,  one-half  of  the  pig 
iron  is  put  in  first  on  the  bottom.  If  steel  or  wrought  iron  were 
charged  first,  it  would  be  slow  in  melting.  The  scrap  is  then  put 
on  and  covered  by  the  rest  of  the  pig,  and  currents  of  air  and  gas 
are  reversed  at  intervals,  each  time  coming  up  hotter.  In  four 
hours  it  is  all  melted,  but  the  carbon  is  too  high,  and  it  is  not 
yet  ready  for  casting.  To  expel  this  carbon  small  amounts  of  iron 
ore  are  added.     CO  is  produced,  which  boils  off. 

Fe203  +  3C  =  3CO  +  2Fe. 

This  boiling  continues  until  the  desired  percentage  of  carbon 
is  reached,  wliich  is  determined  by  sampling.  Tliese  samples  are 
taken  out  at  intervals,  cooled  and  broken  ;  the  percentage  of  caibon 
being  judged  by  the  ai)pearanee  of  tlie  fracture.  As  tin*  boiling 
down  occupies  tliree  or  fcmr  hours,  there  is  timi*  for  an  approximate 
chcniieal  analvsis.  Manminese  and  silicon  have  both  been  al)- 
sorlxMl  by  the  slag,  therefore  some  manganese  must  be  addcMl 
before  casting.  This  is  done  by  adding  to  the  casting-ladle  red- 
hot  Spiegel,  or  ferro-manganese,  the  size  of  peas.  If  steel  eastin<^s 
are  being  made,  a  little  silicon  must  also  be  added,  to  j)re vent  blow- 
holes. When  the  steel  is  ready  chemically,  it  is  usually  hot 
enougli  to  east.  The  furnace  is  tapped  by  driving  a  bar  through 
the  tap-liole,  and  th(i  molten  metal  flows  out  of  it  into  the  easting- 
ladle,  which  is  similar  to  that  of  the  Bessemer  process.  The  cast- 
ing is  done  in  moulds,  as  in  the  Bessemer  process.  Bottom  pouring 
is  often  employed,  especially  if  the  ingot  is  to  be  made  into  steel 
plate.  Th(^  bottom  of  tluj  mould  has  to  be  repaired  after  each 
operation. 
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MANAGEMENT  OR  RUNNING  THE  BASIC  PROCESS. 

The  furnace  used  is  very  similar  to  tiuit  of  the  acid  process, 
except  for  the  lining,  which  is  of  dolomite  or  magnesite.  Dolo* 
Uiite  is  hard-burned  lime  made  from  a  magnesia  limestone. 
Mai^nesite  is  made  from  MgCOg,  calcined  several  times  at  higl 
h«»at.  Layei>;  of  dolomite  or  magnesite,  mixed  with  10  per  cent 
of  boiled  tar,  is  i^mmed  in  with  hoti'ammers  all  over  the  bottom 
•ind  sides,  above  the  slag  line.  Upon  this  heartli,  scrap  and  high 
phosphorous  pig  iron  are  melted  down.  To  prevent  fluxing  of  the 
limo  lining,  limestone  is  spread  over  the  bottom  before  charging. 
Aft<*r  melting  there  is  too  nuich  phosphorus  and  carbon  in  the 
charge.  Tliese  elements  are  oxidized  by  the  addition  of  the  iron 
ore.  The  agitation  and  boiling  of  the  phosphoric  bath  is  caused 
by  the  escaping  gas,  CO,  and  the  metal  is  thus  brought  in  contact 
with  the  basic  slag  and  the  phosphorus  removed.  If  all  the  phos- 
phorus is  not  out  at  this  [)oint,  pig  iron  is  added  to  raise  the  per- 
centiige  of  the  carbon,  and  the  bath  is  again  boiled  down.  The 
appearance  of  the  fracture  of  the  sample  indicates  the  amount  of 
phosphorus  present.  If  there  is  a  large  amount,  two  cross-lines 
of  bright  crystals,  called  the  "  Phosphorus  Cross,"  appear  in  the 
center.  Tlie  casting  is  the  same  as  in  the  Bessemer  process. 
The  wear  of  the  basic  lining  is  greater  than  that  of  the  acid, 
esjK^'eially  if  the  silicon  is  high.  Holes  in  the  hearth  are  repaired 
after  each  heat. 

The  taT>-hole  is  rammed  witli  tar  dolomite  o       '^.ernesite. 

In  an  ordinary  open-hearth  furnace  only  two  heats  can  be 
made  in  a  day.  The  charge  varies  from  10  tons  in  a  small  furnace 
to  50  tons  in  a  lari^e  one. 

Tilting  furnaces  are  being  used  in  modern  plants,  wliich  lessen 
the  time  of  charging  and  working,  and  "' direct  metiil  "  from  mixers 
is  used  in  place  of  pig,  which  furtlier  reduces  the  time.  Altogether, 
the  oj>en-hearth  jirocess  is  gaining  in  favor  in  this  country.  Tlie 
IxLsic  j)rocess  is  more  used  than  the  acid,  because  higli  phospliorous 
pig  is  cheaper. 

QAS  PRODUCERS. 

Gas  is  the  fuel  used  in  the  open-heartli  process.  Tlie  Sii*men« 
Gas  Producer  is  now  little  used,  most  gas  lx;ing  ma^le    by   the 


32  METALLURGY. 


Wellman  Gas  Producer.  Fig.  11  is  the  sectional  view  of  this 
producer.  A  forced  draft,  usually  a  steam-jet  injector,  supplies 
steam  and  air  to  the  furnace  under  slight  pressure.  The  follow- 
ing reactions  take  place  when  air  or  steam  unite  witli  coal : 

0  +  0^=  CO, 
CO2+C    =2  CO 
H2O  +  C    =CO  +  2H 

The  resulting  producer  gas  lias  about  the  following  composi- 
tion : 

Nitrogen,  00.3  per  cent 

Carbon  Monoxide,  22.8  per  cent 

Carbon  Dioxide,  5.2  per  cent 

Oxygen,  0.4  per  cent 

Hydrogen,  8.5  per  cent 

Hydrocarbons,  2.8  per  cent 

In  running  the  producer,  there  is  a  heat  loss  of  about  35  per 
cent,  principally  in  radiation,  ashes,  latent  heat,  decomposition  of 
steam,  and  sensible  heat  of  gas.  Another  producer,  the  Taylor 
Producer,  has  in  place  of  the  grate-bars  a  revolving  dome-shaped 
plate,  through  which  air  is  driven  into  the  center  of  the  fire.  In 
place  of  the  brick  lining  this  producer  has  a  water-jacket.  Bitu- 
minous coal  is  the  fuel  generally  used  in  these  i)roducei*s.  As 
this  gas  contains  about  60  per  cent  nitrogen,  it  is  weak  fuel.  In 
a  few  localities  natural  gas,  a  stronger  fuel,  is  obtained.  A  gas 
made  of  vaporized  petroloum  mixed  with  dry  steam  and  forced 
through  a  red-hot  metallic  retort,  is  used  in  the  Archer  i)rocess. 

SPECIAL  STEELS. 

Nickel  5teel.  Nickel  steel  is  madi*  by  adding  metallic  nickel, 
nickel  ore,  or  ferro-nickel,  to  the  bath  of  the  open-hearth  pix)cess. 
The  nickel  increases  its  density,  elasticity  and  strength.  This 
steel  is  used  for  armour  plate,  on  account  of  these  qualities, 
and  also  because  it  does  not  corrode.  Nickel  steel  contains  about 
4  per  cent  nickel,  .3  per  cent  carbon,  .7  per  cent  manganese, 
and  .02  per  cent  phospliorus.  For  such  uses  as  bicycle  tubes, 
shafts,  axles,  etc.,  the  high  elastic  limit  of  nickel  steel  tends  to 
prolong  indefinitely  the  life  of  the  piece,  and  because  of  its  superior 
toughness,  offers  greater  resistance  to  sudden  strains  and  shocks. 
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Aluminum  Steel.  From  ,05  per  cent  to  .1  per  cent  alu- 
minuin  in  steel  castings  reduces  the  melting  point,  prevents  blow- 
holes,and  keeps  the  metal  liquid  while  being  poured.  Aluminum 
giTes  no  increase  of  hardness. 


Fit'.  11. 


Chrome  Steel.  If  chromitc  is  melted  in  brasque  crucibles 
with  charcoal,  the  result,  feiro-chrome,  whicli  has  40  per  cent 
chrome  and  48  per  cent  iran,  is  used  in  making  chrome  steel,  by 
melting  it  with  bar  iron  in  crucibles.  Chrome,  like  mangunese, 
hardens  iron.  It  also  makes  it  more  forgeable.  It  is  used,  on  ac- 
count of  its  hardness,  for  bui-glar-proof  tiafes,  but  it  is  not  entirely 
eatiafactoiy,  and  other  steels  are  fast  driving  it  out.  It  has  about 
the  following  composicioii :  chmmium,  .5  per  cent  to  3  per  cent ; 
carbon,  .5  per  cent  to  .9  per  cent. 

Manganese  Steel.  Manganese  steel  is  an  alloy  of  iron  and 
majganese,  containing  a  considerable  proportion  of   carbon.     It 
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there  is  a  veiy  small  portion  of  manganese,  the  effect  is  slight. 
As  the  proportion  of  manganese  rises  above  2.5  per  cent  the 
strength  and  ductility  diminisli,  while  the  hardness  increjises. 
This  hardening  effect  is  a  maximum  with  about  G  per  cent  man- 
ganese. Above  this  the  strength  and  ductility  both  increase,  and  at 
14  per  cent  of  manganese  the  metal  is  so  hard  that  it  is  difficult  to 
cut  with  steel  tools.  It  welds  with  great  difficulty,  but  it  can  be 
forged.  Its  toughness  increases  by  (pienching  from  a  yellow  heat. 
It  has  a  remarkable  combination  of  great  hardness,  which  caiuiot 
be  lessened  by  annealing,  great  teiijsile  strength,  toughness  and 
ductility.  The  fact  that  it  cannot  1x3  machined,  on  account  of  its 
hardness,  limits  its  usefulness.  It  is  used  principally  for  car- 
wheels,  dies  and  crusher-jaws. 

Tungsten  5teeL  Steel  containing  a  little  c;irl)on  and  tung- 
sten is  much  harder  than  steel  with  carbon  alone,  and  vet  not  verv 
brittle.  A  specimen  from  Sheffield,  England,  for  chisels,  used  un- 
tempered  to  turn  chilled  rolls,  was  not  brittle,  yet  it  was  hard 
enough  to  scratch  glass.  It  contained  9.3  per  cent  tungst(»n,  .7 
per  cent  silver  and  .6  per  cent  carbon.  In  working  tliis  metal  it 
has  to  be  given  its  final  shape  by  hammering  at  red  heat,  and  if  tlie 
percentage  of  tungsten  is  high  it  is  necessary  to  reheat  it  while  it 
is  being  hammered.  After  the  desired  shape  is  n^ached  the  ham- 
mering must  be  continued,  with  numerous  blows,  until  it  l>0(*f)ni(\s 
nearly  cold.  Tungsten  is  employed  to  produce  steel  of  moderate 
hardness,  with  great  t  Mighness,  resistance  and  ductility.  Its  prin- 
cipal use  is  for  cutting-tools.     It  is  self-hardening. 

CASE-HARDENINQ. 

By  the  process  called  case-hardening,  a  thin  layer  of  steel  is 
formed  over  the  iron.  To  do  this,  iron  is  heated  to  redness,  and 
powdered  potassic  ferro-cyanide.  K^Fe  (('  N),>,  is  spriid^led  over 
the  surface.  When  suddenly  cooled,  the  surface  of  tlie  iron  is 
hard  enough  to  resist  a  lile.     The  chemical  reaction  which  takes 

j)lace  is 

K4Fe(CX)6=4KCN-f  FcC2+  No. 

THE  HARVEY  PROCESS. 

Tlie  Harvfv  ])r()cess  for  making  armor  plate  is  somewhat 
like  case-hardening.     The  outside  of  the  heated  steel  plate  is  crv- 


368 


METALLURGY.  35 


Bred  with  cliarcoal,  from  which  it  absorbs  carbon  in  the  same  man- 
ner as  wrought  iron  absorbs  carbon  in  making  cement  steel.  The 
layer  of  liard  steel  thus  formed  is  further  hardened  by  quenching 
With  water.  This  makes  a  plate  with  an  exceedingly  haid  surface, 
which  breaks  up  shot  and  shell.  The  backing  is,  however,  tough, 
itiM  steel. 

THE  EFFECTS  OF  THE  ELEMENTS  IN  STEEL. 

The  following  from  Howes'  Metallurgy  of  Steel  will  give  an 
idea  of  the  effects  of  the  elements  : 

Carbon.  Carbon  up  to  1 .5  per  cent  increaseis  Tensile  Strength, 
Compressive  Strength,  and  raises  the  Elastic  Limit ;  decreases  the 
malleability  and  welding  power. 

Silicon.  Silicon  increases  hardness,  Tensile  Strength  and 
solidity,  and  prevents  blow-holes.  'J'oo  much  silicon  makes  steel 
brittle.     From  .3  per  cent  to  .5  per  cent  should  be  the  maximum. 

Sulphur.  Sulphur  causes  hot  shortness ;  that  is,  tlie  metal  is 
brittle  when  hot,  both  under  the  hammer  and  rolls. 

Arsenic  has  the  same  effects  as  sulphur. 

Phosphorus  causes  cold  shortness.  It  makes  steel  hard  and 
liable  to  break.  It  increases  the  Elastic  Limit  and  reduces  Elon- 
gation. 

Manganese  prevents  hot  shortness  and  blow-holes,  removes 
or  offsets  the  effect  of  sulphur.  It  increases  Toughness,  Elonga- 
tion and  Tensile  Strength.  Too  much  manganese  makes  steel 
brittle  when  cold,  especially  after  quenching. 

Copper.  Copper  causes  red  shortness ;  .5  per  cent  may  be 
allowed  in  rails,  but  2  per  cent  makes  steel  w^orthless.  Tin  steels 
are  not  forgeable  or  ductile,  either  hot  or  cold. 

TEnPERINQ. 

Tempering  steel  is  the  process  of  giving  it,  after  it  has  been 
shaped,  the  necei»sary  hardness  to  do  its  work.  A  piece  of  steel 
after  it  has  been  properly  tempered  should  be  finer  in  grain  than 
tlie  bar  from  which  it  was  made. 

This  is  accomplished  by  first  hardening  the  piece,  usually 
harder  than  necessary,  and  then  toughening  it  by  slowly  heating 
and  gradually  softening,  until  it  is  just  right  for  the  work.     The 
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process  is  as  follows :  The  tool  to  be  tempered  is  heated  to  a  cherry 
red,  and  plunged  into  cold  water  or  oil  to  a  depth  somewhat  above 
the  cutting  edge.  When  this  portion  has  become  entirely  cold, 
the  piece  is  taken  out  and  the  cold  end  polished,  usually  with 
emery-cloth;  the  point  is  now  too  hard  and  brittle.  The  heat 
contained  in  the  hot  portion  gi-adually  enters  by  conductivity  into 
the  quenched  part,  and  as  it  does  so,  colors  are  formed  which  de- 
note tempemture.  The  colors  seen  iu  order  are  pale  yellow,  straw, 
brownish  yellow,  light  purple,  dark  purple,  blue.  They  are  formed 
by  oxide  on  the  surface.  These  colors  run  from  the  hot  portion 
to  the  cutting  edge,  and  when  the  proper  color  reaches  the  cutting 
edge,  the  whole  piece  is  quenched.  Some  tools  are  of  such  a  shape 
that  the  temper  must  be  "drawn"  to  the  desii*ed  color  by  reheat- 
ing the  piece  between  hot  plates  or  in  a  hot  iron  ring. 

The  following  list  will  give  some  idea  of  the  colore,  tempera- 
ture and  hardness  of  tools  : 


Very  palo  Yellow,  temperature 
about  430*»  F. 


Straw  Yellow,  temperature 
about  460°  F. 


Brown  Yellow,  temperature 
about  600°  F. 


Li<;ht  Purple,  temperature 
about  530°  F. 


Dark  Purple,  temjjerature 
about  650°  F. 


Steel-engraving  Tools. 
Turning  Tools. 
Hammer  Faces. 
Planer  Tools. 
Wood-engraving  Tools. 

Dies. 

Taps. 
Drills. 
Puncbes. 
Reamers. 

Gouges. 
Plane  Irons. 
Twist  Drills. 
Coojjer  Tools. 
Wood-boring  Cutters. 

Augers. 

Surgical  Instruments. 
Cold  Cbisels. 
Edging  Cutters. 

Axes. 

Gimlets. 

Needles. 

Uack  Saws. 

Screwdrivers. 

Springs. 

Wood  Saws. 
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COPPER. 

As  copper  occurs  in  the  metallic  state,  it  was  one  of  the 
earliest  kno\vn  metals.  The  native  copper  deposits  of  the  Lake 
Superior  region  were  worked  by  prehistoric  inhabitants.  Copper 
comi>ounded  with  tin  was  the  metal  of  the  Bronze  Age.  With  the 
exception  of  iron,  copper  is  our  most  useful  luid  important  metal. 

ORES. 

The  native  copper  of  Lake  Superior  is  still  an  important 
source  of  supply,  but  by  far  the  largest  quantity  is  obtained  from 
the  sulpliide  ores,  of  which  Copper  Pyrites  (Cu^  S.  Fe.,  S3)  is  the 
most  important.  When  pure  it  contains  34.6  per  cent  of  copper, 
30.57  per  cent  iron  and  34.9  per  cent  sulphur,  but  the  average  ore 
carries  only  about  12  per  cent  of  copper.  Spanish  iron  pyrites  is 
another  source  of  supply;  it  is  firet  used  in  the  manufacture  of 
sulphuric  acid,  after  which  the  copper  is  extracted  from  the 
"  cinder."  It  contains  (mly  3  or  4  per  cent  of  copper,  but  carries 
also  a  small  proportion  of  gold  and  silver,  which  makes  it  a 
profitable  ore. 

Carbonate  ores,  formed  by  the  weathering  of  the  sulphides  are 
now  about  exhausted,  as  they  occur  only  a  short  distance  below 
the  surface. 

EXTRACTION. 

There  are  two  main  processes  for  extractmg  copper  from  its 
ores: 

(1)  Process  involving  fusion. 

(2)  Wet  process  used  for  low-grade  ores. 

The  most  important  fusion  method  is  the  "  Welch  "  or  "  Re- 
action "  process.  The  prepared  sulphide  ore  is  first  roasted  in 
heaps,  kilns  or  a  reverberatory  furnace.  Care  is  taken  that  not  too 
much  of  the  sulphur  is  expelled.  Next,  this  calcined  ore  is  fused 
in  a  reverberatory  funiace.  The  copper  lias  a  greater  affinity  for 
the  remaining  sulpluir  tlian  any  of  the  other  metals,  and  copper 
sulphide  is  formed. 

Cu^O  +  FeS  =  Cu,S  +  FeO. 

The  ferrous  oxide  (FeO)  and  the  silica  unite  and  form  a 
slag,  which  carries  away  lime  or  other  impurities  present.  The 
cuprous  sulphide  Cu.^S  combines  with  the  excess  of  inm  sulphide 
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left  in  the  charge,  fomiing  a  fusible  substance  called  a  "  regulus," 
or  first  copper  matte,  which  contains  about  80  per  cent  of  cop[)er. 
This  fii'st  matte  is  again  roasted  and  fused,  juid  part  of  the  iron 
slagged  away  as  before,  leaving  the  second  matte,  which  con- 
tixins  about  50  per  cent^  if  *'  blue  metal "  is  wanted,  or  75  per 
cent  of  copper,  if  "  wliite  metal ''  is  being  made.  A  small  amount 
of  metallic  copper  is  also  produced.  These  copper  l)ottoins  con- 
tain most  of  the  impurities,  includhig  much  of  tlie  gold  and 
silver. 

In  a  tiiird  n^verocratory  furnace  the  second  matte  is  again 
partly  oxidized  and  then  fused,  the  product  this  time  Ix'ing  crude 
metallic  copper  and  a  slag  rich  in  copper.  The  rich  slags  from 
the  first  and  second  matte  are  worked  up  for  their  copper.  The 
reactions  by  which  metallic  copper  is  produced  are: 

(1)  2Cu./)  -f  CU2S  =  OCu  +  SO2 

(2)  3CU2O  +  Fe  S  =  G(Ui  +  FeO*'+  SO, 

The  SO2  gas  passes  away  and  the  FeO  goes  into  the  slag. 

Producer  gas  is  used  fcjir  heating  the  furnaces  in  modern 
phmts. 

CUPOLA  SMELTING. 

In  the  fii'st  stages  of  this  process  the  chemical  action  is  about 
the  same  us  the  *'  Welch  ''  nu'lliod.  A  iirst  and  second  ''  Matte  '' 
is  produced  in  small  water-jackcU'd  bhist  fuinaccs  of  reclanL;ular 
sections  using  cold  blast.  (See  Fig.  12.)  Some  '-black  copper"  is 
produced  with  the  second  matte. 

The  second  niatt(N  called  '- white  metal,"  is  now  completely 
roasted  to  oxide.  This  oxide  of  cop[)er  is  n^duced  to  metallic 
co[)per  in  a  blast  furnace  by  (•()  gas  in  the  same  mamier  as  ui  tlie 
production  of  iron. 

The  reaction  is 

Cu./)-l-(^0  :=2Cu4-C0, 

I'he  fuel  is  coke  or  charcoal.  Tlie  sla«jf  from  the  fii*st  matte 
is  thrown  away,  but  the  oilier  slags  go  back  into  the  process. 

Less  skilled  lal>{)r  is  necessary  in  the  cupola  method  and  less 
fuel  is  recpiired.  It  is  consequenlly  in  favor  in  remote  regions. 
Tlie  metal  of  oxidized  ores  (carbonates)  can  Ik*  extracted  by  this 
process  in  one  operation.  The  reverberatory  method  i)roduces 
purer  copper,  and  must  be  used  when  there  is  much  antimony  and 
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mnmic  in  llie  ore.  Highly  refractorj-  ores,  which  arc  iliiVicult  to 
tiue  ill  a  tiUifit  fumuce.  cnii  be  l>elter  treated  in  reverberatoiica,  as 
tJiD  Mtiig  CiUi  l>e  etkiiiinied  off  iii  n  partly  uielttid  condition. 

Tht'  variiitioiis  in  the  foregoing  processes  are  umncroiia. 
.■\  Mintm>iii  A meriran  practice  is  to  use  the  cupola  for  olitiiiiiiny 
tilt  firm  ntallo.  and  finish  the  process  in  reverbenitory  fnvnac(?s. 

M'xlilieil  Bessemer  convertcre  are  now  auccessfuily  useil  to 
ogiwrt  copper  inatto  into  crude  copper  Tin.  converter  tni  the 
lllven-«  in  the  aides,  and  is  bued  with  sUrca  and  l1«>        \6  tlie 
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wear  on  the  lining  is  very  great,  provision  is  made  for  quickly 
Tvplnving  a  worn-out  converter  by  one  which  has  Ixjen  rt^linc-d. 
Mattes  containing  from  30  to  60  per  cent  copper  have  Uen  thus 
»uncu»$fuily  treated  at  a  coiwiderable  saving  of  expense. 
REFINING. 
The  enide  copper  produced  by  any  of  the  foregoing  methods 
is  refined  in  a  reverlieiutory  funiaee  with  a  liirge  heanli. 
It  is  sh)wly  melted  down  wit)i  an  excess  of  air.  The  impnrities 
oxidize  li»t  and  form  a  slag  willi  the  Hilicu  fmin  the  lining  of  the 
fntnacc.  This  »lsg  is  frequently  skimmed  off.  The  copper 
SmiUy  Ijt^'uui  lo  oxidize,  fomiiiig  Cu^O,  which  nets  on  any  <_'UjS. 
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forming  SOg,  which  causes  the  molten  metal  to  boil.  When  this 
action  ceases,  the  copper  contiiins  too  much  copper  oxide.  This  is 
reduced  by  "poling."  Poles  of  green  wood  are  tlirust  into  the 
bath,  and  the  distilled  hydrocarbon  gases  cause  the  bath  to  boU, 
which  expels  any  SO  2  gas  remaining.  Charcoal  is  spread  over 
the  molten  metal,  which,  with  the  liydrocarbon  gas,  removes  the 
oxygen  from  the  Cu^O,  leaving  metallic  copper.  Samples  are 
taken  out  from  time  to  time,  and  when  the  color  changes  from  red 
to  flesh  color,  and  the  sample  becomes  fibrous  with  silky  lustre  mid 
can  be  bent  double,  the  refinhig  is  finished.  The  rich  slags  go 
back  into  the  process.  A  little  oxide  of  copper  is  left  in  th( 
metal,  as  it  neutralizes  the  effect  of  the  small  amomit  of  remaining 
impurities. 

The  metal  is  then  run  into  small  moulds.  An  ingot  "  under 
poled,"  containing  too  mucli  oxide,  will  show  a  fuiTow  along  its 
surface.  An  ingot  with  the  right  proj)oition  will  have  a  flat  sur- 
face, called  '^  tough  ])itch,"  and  one  which  is  "  over  poled,"  con- 
taining too  little  oxide,  will  show  a  ridge. 

Electric  refining  is  fast  replacing  this  older  method.  In  the 
United  States  two-thirds  of  tlie  product  is  thus  refined.  By  the 
electrical  method  all  the  gold  and  silver  in  the  copper  is  recovered, 
and  the  copper  produced  is  very  pure.  The  crude  copper  is  cast 
into  slabs  as  it  runs  from  the  furnace.  A  row  of  slaks  is  phiced 
in  a  tank  containing  a  solution  of  C()j)per  sulphate  made  acid  witli 
sulphuric  acid.  These  form  the  dissolving  plates,  and  opposite 
each  is  })lace(l  a  thin  sheet  of  pure  copper.  The  tanks  are  con- 
nected in  series  by  wires  and  the  current  passed  through.  The 
electric  current  causes  the  crude  copper  to  dissolve  and  pure 
<'opper  to  l)e  djposited  on  the  tliin  phites.  The  gold  and  silver, 
together  witli  other  impurities,  fall  to  the  bottom  as  mud  or 
"slimes,"  from  wliieli  tlie  oreeious  metals  are  extracted  bv  chem- 
ical  processes. 

The  2ret  proccHH  is  used  tor  lean  ores.  It  has  the  advantage 
of  extracting  at  i\w  same  time  any  gold  and  silver  present.  This 
process  involves  getting  the  e()[)p(»r  and  precious  metids  into  solu- 
tion either  as  sulpliate  or  cliloride  ami  then  the  copper  is  precipi- 
tated by  eleetrolysiij,  metallic  iron  or  quicklime. 

The  solutions  are  i)roduced  either  by  dissolving  in  the  dilute 
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acids  or  roasting  the  sulphide  to  sulphate  or  by  roasting  with  salt 
to  obtain  the  cliloride  fuid  then  leaching  witjj  water. 

PROPERTIES  OF  COPPER. 

Copper  is  a  rather  soft  metal  and  is  very  ductile  and  malle- 
able. It  can  be  worked  both  hot  and  cold,  but  should  not  be 
heated  too  hot,  as  it  crystallizes  and  takes  up  oxygen.  When 
worked  cold  it  is  stronger  and  harder,  but  less  ductile.  Heating 
and  quenching  make  it  softer.  Rolled  sheet  copper  has  a  tensile 
strength  of  from  24,000  to  28,000  pounds  per  square  inch,  and 
annealed  wire  over  40,000  pounds  per  square  inch.  Good  castings 
cannot  be  made  from  pure  copper  because  they  contain  blowholes 
•  and  the  shruikage  is  too  great. 

Copper  is  not  affected  by  the  weather,  but  in  damp  places  it 
is  slowly  corroded;  carbonate  of  copper,  called  verdigris,  being 
formed  b}'  the  carbonic  acid  of  the  air. 

The  thermal  ccmductivity  of  copper  is  high. 

The  electrical  conductivity  of  good  copper  is  but  little  less 
than  that  of  silver,  and  is  about  six  times  that  of  iron.  A  very 
small  amoimt  of  impuiity  reduces  its  electrical  conductivity  as 
much  as  10  per  cent.  Antimony  is  the  most  harmful  impurity 
from  a  mechanical  standpoint,  and  should  not  be  over  .02  per  cent. 

The  growth  of  electrical  industries  has  greatly  increased  the 
demand  juid  price  of  copper  of  late  years.  It  is  estimated  that 
60  per  cent  of  the  world's  production  of  copper  is  consumed  in 
electrical  work.  The  United  Stiites  produces  over  55  per  cent  of 
the  world's  output  of  copper,  or  over  a  quarter  of  a  million  long 
tons  annually. 

LEAD. 

The  most  important  ore  of  lead  is  Galena,  lead  sulphide 
(PbS).  In  the  United  States  it  is  found  in  the  upper  valleys  of  the 
Mississippi  and  Missouri  Rivers  and  in  the  Rocky  Mountains.  The 
mines  of  Spain,  Geiinany  and  England  furnish  the  bulk  of  the 
European  product.  It  occurs  in  bright,  shming,  cubic  crystals  of 
metallic  lustre.  When  pure  it  contains  86.6  per  cent  of  lead. 
Galena  usually  contains  silver,  and  frequently  a  small  amount  of 
gold.  It  is  associated  with  sulphides  of  zinc,  antimony,  copper 
and  iron.     As  it  is  a  very  heavy  mineral  it  is  easily  concentrated. 
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Cerussitc  —  lead  carbonate,  PbCOg, —  is  an  ore  of  some  im 
portance  and  is  mined  in  Leadville,  Colorado. 

SMELTING. 

Lead  ore  is  smelted  either  in  reverberatory  furnaces  or  blast 
furnaces.  When  using  the  reverberatory  furnace  with  sulphide 
ore,  the  chemical  action  whereby  lead  is  produced  is  much  the 
same  as  in  the  final  stage  of  copper  smelting  in  the  ^'  Welch " 
method.  The  ore  is  partially  oxidized  to  lead  oxide,  PbO,  at  a 
low  lieat,  some  sulphate,  PbSO^,  also  being  formed.  Then  the 
temperature  is  raised  and  the  lead  is  produced  according  to  the 
following  reactions : 

(1)  PbS  +  2PbO    =3Pb  +  S02 

(2)  PbS  +  PbSO^  =  2Pb  +  2SO2 

The  lead  as  it  is  formed  runs  into  a  pot,  and  the  operation  is 
repeated  until  no  more  lead  can  be  extracted,  when  it  is  tapped 
and  the  slag  withdrawn  in  a  pasty  condition.  This  "gray 
slag  "  is  usually  smelted  in  a  blast  furnace  for  the  lead  it  still  con- 
tains. This  method  is  simple  and  the  apparatus  inexpensive,  but 
its  use  is  limited  to  high-grade  ores  containing  60  per  cent  to  70 
per  cent  of  lead,  (md  only  4  or  5  per  cent  silica.  The  process 
requires  much  fuel  and  skilled  hibor. 


SMELTING  IN  A  CUPOLA  OR  BLAST  FURNACE. 

This  i)rocess  is  used  for  all  ores  containing  over  4  pt'r  cent 
silica,  for  carlxniate  ores,  and  for  various  lead  slags  and  diosscs 
obtained  in  purifying  tlie  crude  lead. 

The  Furnace  is  built  of  brick  and  lined  with  fire  brick.  It 
is  usually  oblong  in  section.  The  shaft  is  from  14  to  20  feet  liigh 
and  tapers  downward  to  the  lx)shcs,  which  ta[)er  more  sharply  to 
the  crucible.  The  section  at  the  crucible  is  usually  about  12  feet 
by  3  feet  G  inches.  The  tuyeres,  6  or  8  in  number,  are  placed 
on  each  side,  near  the  to[)  of  the  crucible.  The  boshes  and  part  of 
the  crucible  are  cooled  by  cast  or  wrought  iron  water  jackets.  The 
furnace  is  charged  through  a  door  in  the  side,  near  the  top. 

As  lead  is  somewhat  volatile,  i)r()vision  must  always  be  made 
for  collecting  the  lead  fumes.  Various  devices  have  been  tried, 
but  long  flues,  whereui  the  fumes  ccmdense  and  settle,  are  nK»st 
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coininonly  used.     Tlie  top  of  tlie  furnace  is  connected  with  one  of 
these  flues. 

The  sulphide  ores  are  roasted  in  a  reverberatory  furnace  or  in 
hiuul  or  mechanical  kihis.  The  roasted  ore  is  charged  into  the 
Wast  furnace  with  suitable  fluxes  and  Various  mixtures  of  coke, 
cliarcoal  and  con\  as  fuel.  Iron  plays  an  important  part  ui  the 
smehing,  as  it  is  capable  of  decomposuig  silicate  of  lead  and  is 
added  as  an  iron  slag  or  as  ore  if  not  present  in  correct  amount. 

In  smelting  there  is  usually  a  small  amount  of  matte  foimed, 
consisting  of  sulphides  of  iron,  copper,  nickel  and  lead.  This  is 
tapped  with  the  slag  uito  a  slag  pot,  where  it  rises  to  the  top  and 
is  separated  when  the  mass  cools.  The  matte  is  broken  up  and 
roasted  and  its  lead  and  copper  recovered.  The  lead  collects  m 
the  crucible  and  is  tapped  out  at  intervals. 

SOFTENINQ  AND  DESILVERIZING. 

The  lead  obtained  by  either  the  reverberatory  or  blast  furnace 
method  contains  copper,  arsenic,  antimony  and  other  metals  in 
addition  to  silver.  The  impure  lead  is  slowly  melted  down  in  a 
reverlx^ratory  fuinace.  The  lead,  liaviug  a  lower  melting  point 
than  the  impurities,  liquefies  first,  leaving  a  residue  containing  the 
cop[)er  and  part  of  the  arsenic  and  antimony.  Tiie  lead  is  next 
heated  verv  hot  with  an  excess  of  air,  and  then  most  of  the  remain- 
ing  impurities  oxidize  and  form  a  scum,  which  is  skimmed  ofl*. 
The  silver  remains  with  the  softened  lead  and  is  extracted  by  the 
Park's  Process.  This  process  depends  upon  the  fact  that  a  small 
I)ercentage  of  zinc  added  to  the  molten  lead  will  collect  all  the 
gold  and  silver  to  form  an  alloy,  which,  being  of  less  s[)ecifie 
gravity,  rises  to  the  top,  and  having  a  higher  melting  point  solidi- 
fies Ix'fore  the  lead. 

From  the  softening  furnace  the  molten  lead  is  run  directly 
into  a  large  kettle.  Here  frcmi  1  to  8  per  cent  of  zinc  is 
added  to  three  successive  portions.  After  each  addition  the  mass 
is  well  stiiTcd  imd  then  allowed  to  cool  somewhat,  wlien  a  crust  is 
formed,  which  is  removed.  The  fii"st  crust  contains  most  of  the 
gold  and  is  called  the  gold  crust.  The  second  crust  is  called  the 
silver  crust,  and  the  third  crusty  containing  the  silver  that  still 
remains,  is  used  for  the  first  addition  to  the  next  cliarge. 
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RECOVERY  OP  THE  SILVER  AND  GOLD. 

The  gold  iind  silver  crusts  arc  melted  slowly  in  a  kettle  or 
reverlx^ratorv  funiace,  and  most  of  the  lead  mixed  with  the  crust 
melts  out  and  is  recovered.  The  zinc  is  distilled  off  in  large 
graphite  retorts,  leavuig  a  small  amomit  of  lead,  which  contains  all 
of  the  silver  and  gold.  The  lead  is  separated  from  the  precious 
metals  hy  cupelling.  In  the  cupelling  furnace  the  lead  is 
oxidized  to  litharge  (PbO),  leaving  the  metallic  silver  juid  gold. 
Tlie  funiace  has  a  hearth  made  of  porous  material,  which  absorbs 
pait  of  the  melted  litharge  as  it  forms  ;  the  remainder  runs  into  a 
pot.  The  litharge  is  ground  and  sold  if  it  does  not  contjiiji  too 
much  silver,  in  which  case  it  is  smelted  again.  About  60  per 
cent  of  zinc  is  recovered  in  metallic  form  and  is  used  again  in  tJie 
desilverizing  kettle. 

REFINING  THE  DESILVERIZED  LEAD. 

The  desilverized  lead  contains  .C  per  cent  to  .7  per  cent  of 
zinc,  which  is  removed  in  a  reverlxjratoiy  funiace  or  lai'ge  kettle. 
The  charge  is  heated  very  hot  in  the  reverbenit<)ry,  and  the  zinc  in 
part  volatilizes  ;  then  the  doors  are  opened  and  the  remainder  o^ 
the  zinc  is  oxidized,  and  with  some  lead  oxide  is  skimmed  off. 
This  is  rc})catcd  until  the  zinc  is  culirely  removed. 

When  reiined  in  a  kettle,  steam  is  forced  into  the  molten 
cliartj^e;  tlic  zhw  and  a  little  lead  oxidize  and  form  a  scum,  wliich 
is  skiinmc<l  oil'. 

The  drsilverized  and  refined  lead  is  run  into  iron  molds  on 
wheels,  ?in(l  wlicn  cooled  is  ready  for  the  market.  The  amount  of 
niarketahle  lead  obtained  is  about  ^0  per  cent  of  the  impure  lead. 
By  using  the  Howard  *- stirrer,"  *'skinnner"  and  ^' press"  for  the 
gold  and  silver  crusts,  85  per  cent  has  In^en  obtained  and  70  per 
cent  of  the  zinc  recovered. 

An  older  i)i-ocess  for  desilverizing  lead  is  the  Pat^reon  Process. 
It  is  found  that  when  molten  lead  is  cooled  slowly,  crystals  of  lejid 
form  which  contain  less  silver  and  other  impurities  than  the  Re- 
maining molten  mass.  By  repeated  crystallization  the  silver  is 
concentrated  in  a  j)ortion  of  tin*  lead,  and  the  remainder  is  almost 
free  from  silver.  Tiie  silvcH-bearing  portion,  which  must  be 
cupelled,  is  about  '^O  per  cent  of  the  whole  against  5  per  cent  in 
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the  Park's   Process.     Tlio  Patei-son    Process   is   not  iised  in  the 
United  States. 

The  working  up  and  recovery  of  all  the  by-products  foi-med 
ill  the  smelting  of  lead  is  a  very  importiuit  and  very  complex  part 
of  the  process. 

PROPERTIES  OF  LEAD. 

Lead  is  the  softest  and  heaviest  common  metal.  It  is  very 
malleable  and  ductile,  but  has  little  tenacity.  Lead  is  insoluble 
in  sulphuric  acid  of  moderate  strength  and  is  not  much  affected 
by  cold  hydrochloric  acid.  It  is  used  in  chemical  works  in  the 
manufacture  of  sulpliuric  acid  and  for  other  puiposes.  Ordinary 
water  has  little  effect  on  lead.  Pipes  used  for  conveying  water 
are  soon  covered  with  a  thin  layer  of  carbonate  and  sulphate  of 
lead,  which  is  insoluble  and  prevents  further  action. 

Water  from  swamps,  etc.,  however,  dissolves  small  amounts 
of  lead,  which  makes  its  use  dangerous  for  domestic  purposes. 
Water  from  new  pipes  or  pipes  which  are  not  kept  constantly  full 
should  not  be  used  for  household  purposes,  because  of  danger 
from  poisoning. 

Lead  is  not  affected  by  dry  air,  but  is  slowly  corroded  in 
moist  air. 

TIN. 

This  metal  was  known  to  the  ancients,  and  very  successfully 
used  by  them  for  hardening  copper.  The  most  iniportiint  ore  is 
tin-st^)ne,  Sn  O2,  and  the  principal  mines  are  in  Cornwall,  England, 
and  Banca  in  the  East  Indies. 

The  smelting  is  conducted  in  a  reverl)eratory  furnace.  The 
concentrated  ore,  mixed  with  finely  divided  anthracite  coal  and 
with  a  little  lime  is  heated  on  the  bed  of  the  furnace.  The  tin  is 
produced  and  runs  into  the  depressed  center  of  the  furnace,  from 
which  it  is  tiipped  and  cast  into  pigs.  This  impure  tin  is  refined 
by  liquating  and  poling. 

PROPERTIES  AND  USES. 

Tin  is  white  in  color  with  a  slightl/  yellowish  shade.  It  has 
a  peculiar  odor,  and  when  bent  it  gives  out  a  crackling  sound 
known  as  the  "tin  cry."  It  has  little  tenacity,  considemble 
ductility,  and  is  very  malleable.     It  can  be  worked  at  about  the 
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boiling  point  of  water,  but  Ikjcohics  vciy  brittle  at  400®  F.  It 
can  ]je  rolled  into  veiy  thin  sheets  ;  tinfoil  l)eing  sometimes  only 
one-thoasandtli  of  an  inch  thick.  On  account  of  its  ductility  it 
is  readily  made  into  tubes,  wire,  etc. 

Tlie  bulk  of  this  metal  is  used  for  tin  plate.  Thin  sheets  of 
mild  steel  are  carefully  cleaned  and  annealed  and  then  dipped  in 
a  bath  of  molten  tin  covered  with  a  layer  of  tallow.  They  are 
then  piissed  through  rolls  to  remove  the  superfluous  tin,  leaving  a 
very  thin  coating  of  pure  tin  on  both  sides  of  each  sheet.  Tin 
plate  finds  numeroii.H  uses  in  the  canning  industries,  for  household 
utensils,  etc.    ' 

Almost  all  of  the  remaining  product  is  used  for  making 
alloys  of  tin,  and  only  a  comparatively  small  amount  is  used  for 
pipes,  sheets,  etc.,  on  account  of  the  high  price  of  this  metal. 

ZINC. 

A  large  proportion  of  this  metal  is  obtained  from  the  ore 
called  Zinc  Blend,  ZnS ;  the  carbonate  and  silicate  are  also 
important  ores,  and  considerable  zinc  is  obtained  from  Franklinite. 

In  the  metallurgy  of  zinc  advantage  is  taken  of  the  volatility 
of  this  metal.  It  can  be  distilled  unchanged  at  1040°  F.  The 
ore  is  roasted  to  oxide  of  zinc,  ground  and  mixed  with  finely 
divided  fuel  and  heated  to  a  bright  red  in  gas  heated  retorts. 
The  cailx)!!  takes  the  oxygen  from  the  zinc  oxide,  forming  CO 
gas,  and  the  zinc  is  set  free  find  distills  off.  It  is  condensed  in 
iron  tubes  which  are  kept  at  such  a  temperature  that  the  zinc 
remains  liquid  and  rmLs  into  a  receiving  vessel. 

This  zinc  contains  iron  and  other  impurities,  and  is  purified 
by  redistillation.  It  conies  on  the  market  cast  in  slabs,  and  in 
this  form  is  called  '* spelter." 

PROPERTIES  AND  USES. 

Zinc  is  a  bluish  white  metal,  brittle  and  crystalline.  It  is 
quite  ductile  at  a  temperatuie  of  248°  F.,  bnt  is  so  brittle  at 
390°  F.  that  it  can  be  crushed  to  powder. 

Zinc  is  readily  dissolved  by  acids  and  alkalies,  but  is  not 
affected  by  the  weather.  It  is  very  largely  used  for  galvanizing 
iron,  which  is  done  by  dipping  the  carefully  cleaned  iron  in  a 
bath  of  molten  zinc,  using  sal-ammoniac  as  a  flux.     Zinc  protects 
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the  iron  from  oxidation,  and  is  effective  as  long  as  any  zinc 
remains  on  the  iron,  being  the  reverse  of  the  action  of  tin  plate 
which  causes  the  iron  to  rust  more  quickly  as  soon  as  there  is  any 
flaw  in  the  coating.  Zinc  is  also  used  in  making  alloys  and  for 
batteries,  sheets  for  roofing,  etc. 

ALUniNUM. 

Aluminum  has  recently  been  transferred  from  a  rare  metal  to 
one  which,  bulk  for  bulk-  is  no  more  expensive  than  copper,  by  an 
electrolytic  process  invented  by  Hall.  Beauxite,  a  hydrated 
oxide  of  aluminum  is  the  important  source  of  supply.  HalFs  pro- 
cess is  conducted  in  a  graphite  lined  vessel,  and  depends  upon  the 
property  of  cryolite  — a  double  fluoride  of  sodium  and  aluminum, 
of  dissolving  fused  oxide  of  aluminum.  Cryolite  melts  at  about 
900^  F.  and  then  becomes  a  conductor  of  electricity.  The  bath  is 
kept  in  a  molten  condition  by  a  heavy  current  of  electricity  of  low 
voltage.  The  oxide  of  alumina  is  sprinkled  on  the  top  of  the 
bath  and  quickly  dissolves,  and  is  leduced  by  electrolysis  to 
metallic  aluminum  which  settles  in  the  bottom  of  the  crucible, 
from  whence  it  is  di*awn  from  time  to  time. 

If  pure  aluminum  is  desired  the  oxide  of  alumina  used  is 
obtained  by  a  chemical  process  from  beauxite. 

PROPERTIES  AND  USES. 

Aluminum  is  a  gmyish  white  metal,  very  malleable  and 
ductile,  and  is  a  good  conductor  of  both  heat  and  electricity.  It 
is  acted  on  but  feebly  by  sulphuric  or  nitric  acid  or  by  the  organic 
acids.  It  is,  however,  dissolved  by  hydrochloric  acid  and  the 
alkalies.  Its  most  remarkable  property  is  its  extreme  lightness, 
it  being  only  about  one-third  as  heavy  as  iron.  It  is  fairly  strong 
and  imparts  great  tensile  strength  to  its  alloys.  Good  castings 
can  be  made  from  it,  although  tl;e  shrinkage  on  cooling  is  consid- 
erable. It-can  be  worked  cold,  and  is  readily  formed  into  sheets, 
wires,  tabes,  etc. 

It  is  replacing  copper  to  some  extent  as  an  electrical  con- 
ductor, and  is  used  for  making  a  high  class  of  kitchen  utensils  and 
a  great  variety  of  small  ornamental  articles.  One  objection  to  its 
use  for  some  purposes  is  that  it  can  be  soldered  only  with  difficulty. 
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TABLE  OP  neTALS. 
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ALLOYS. 

Mixed  metals  give  us  alloys,  many  of  which  possess  nsefnl 
and  valuable  qualities  not  found  in  the  pure  metals.  The  ancients 
were  skilled  in  making  bronze  and  brass,  and  many  of  their 
products  cannot  be  surpassed  at  the  present  day. 

In  general  the  alloys  of  copper  with  tin  are  known  as  bronze, 
and  with  zinc  as  brass,  but  zinc  is  frequently  added  to  bronze  to 
cheapen  it  or  change  the  color,  and  tin  is  often  added  to  brass  to 
harden  it,  so  that  the  line  between  them  cannot  be  sharply  dniwn. 

There  aie  countless  combinations  of  metals,  but  only  a  few 
are  of  general  imj)ortiUice.  The  table  given  includes  most  of 
these  with  their  approximate  composition,  although  each  foundiy 
has  its  own  special  mixtures.  In  making  alloys,  the  most  infusible 
metal  is  melted  first,  and  the  others  are  drcipped  into  the  crucible 
in  small  lumps,  the  most  vohitile  being  added  last.  A  layer  of 
charcoal  is  frequently  tlirown  on  the  surface  of  the  metal  to  pre- 
vent oxidation.  In  many  alloys  the  metals  begin  to  separate  on 
standing,  in  which  case  it  is  necessaiy  to  mix  well  and  pour  at  as 
a  low  temperature  as  possible,  so  that  the  casting  will  solidify 
quickly.  This  is  helped  by  casting  in  iron  moulds.  S(nne  metals 
can  not  be  alloyed  in  all  proportions ;  thus  copper  will  take  up 
only  a  small  proportion  of  lead. 

To  produce  finest  quality  alloys  only  pure  metals  can  be 
used,  as  small  amounts  of  impurities  have  a  veiy  decided  effect, 
just  lus  in  the  case  of  iron  and  copper.  The  method  of  making  is 
also  importiuit  in  determining  the  quality  of  an  alloy.  In  general 
alloys  which  are  to  be  worked  into  sheets,  tubes  and  wires  nmstbe 
more  pure  than  those  required  for  castings.  A  small  proportion 
of  lead  is  said  to  help  the  rolling  qualities  of  brass,  and  a  very 
small  percentage  of  phosphorus  in  bronze  makes  it  more  fluid  and 
free  from  blow  holes.  The  alloys  of  metals  with  mercuiy  are 
called  amalgams.  One  method  of  extmcting  metallic  gold  from 
its  ores  is  amalgamation,  and  the  effect  of  amalgamating  the 
zinc  in  batteries  is  well  known.  FoiTnerlj'  alloys  were  thouglit  to 
be  chemical  combinations  of  metals,  but  now  it  is  generally  con- 
sidered that  they  are  simply  mixtures  of  metals,  sometimes  being 
solidified  solutions  in  each  other. 


384 


METALLURGY. 


OP  ALLOYS. 

Compodtloa  by  Weight. 
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FOUNDRY  WORK 

PART  I 


Foundry  work  is  the  name  applied  to  that  branch  of  engineering 
which  deals  with  melting  metal  and  pouring  it  in  liquid  fonn  into  sand 
mokb  to  shape  it  into  castings  of  all  descriptions. 

In  the  manufacture  of  modem  machinerj'  three  classes  of  castings 
are  employed,  each  one  ha\ing  its  individual  physical  properties,  such 
as  strength,  toughness,  durability,  etc.  These  castings  are  made  from 
gray  iron,  copper  alloys,  L  c,  brass,  bronze,  etc.,  and  mild  steel.  By 
far  the  greatest  number  of  castings  made  are  of  gray  iron,  that  is,  iron 
which  may  be  machined  directly  as  it  comes  from  the  mold  without 
anv  further  heat  treatment. 

The  main  purpose  of  this  book  is  to  explain  the  underlying  prin- 
ciples invoh'ed  in  making  molds  for  gray  iron  castings,  and  the  mixing 
and  melting  of  the  metals  for  such  castings. 

There  are  two  other  fonns  of  iron  castings.  These  are  chilled 
iron,  used  for  rolling  mill  rolls,  car  wheels,  etc.,  and  malleable  iron, 
iLsed  for  certain  lines  of  builders'  and  manufacturers*  hardware 
These  are  not  dealt  with  in  detail  l^ecause  they  are  rather  specialities 
in  the  trade,  whereas  there  are  few  towns  of  importance  in  this  countr}- 
in  which  there  is  no  gray  iron  foundr}*. 

The  chapters  on  brass  founding  and  steel  casting  will  enipliiisii:e 
onlv  those  features  of  the  methods  used  which  differ  fn)ni  inni  foundn' 
pnictice. 

The  chapter  on  shop  management  is  intended  to  set  students 
thinking  on  this  subject;  l:)ecause  the  whole  trend  of  modem  shop 
practice  is  towani  specialization  and  system  in  handling  every  depart- 
ment oi  the  work,  in  order  to  increase  efficiencv  anil  reduce  cost. 

IRON   MOLDING 

There  are  four  main  branches  in  gray  iron  niohlm^:  ^reen  sand 
work,  core  work,  drj-  sand  mol<lin^,  and  loam  work. 

Green  sand  molding  is  the  cheapest,  (juickest  method  of  making 
die  general  run  of  castings.     Damp  molding  sand  is  rammed  over  the 
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pattern.  Suitable  flasks  are  used  for  handling  the  mold.  When  the 
pattern  is  withdrawn  the  mold  is  finished  and  the  metal  poured  while 
the  efficiency  of  the  mold  is  still  retained  by  reason  of  this  dampness. 
The  mold  may  be  poured  as  soon  as  made.  In  case  of  necessity  the 
mold  may  be  held  over  a  day  or  more  depending  upon  its  size.  If  the 
sand  dries  out,  the  mold  should  not  be  poured. 

Core  making  supplements  molding.  It  deals  with  the  coustruc- 
tion  of  separate  shapes  in  sand  which  form  holes,  cavities,  or  pockets 
in  the  castings.  Such  shapes  are  called  cores-  They  are  held  firmly 
in  position  by  the  sand  of  the  mold  itself.  Core  sand  is  of  a  different 
composition  from  molding  sand.  It  is  shaped  in  wooden  molds  called 
core  boxes.  All  cores  are  baked  in  an  oven  before  they  can  be  used. 
The  whole  detail  of  their  construction  is  so  dififerent  from  that  of  a 
mold,  that  core  making  is  a  distinct  trade.  A  trade,  however,  that  is 
generally  considered  a  stepping  stone  to  that  of  molding.  Boys  usu- 
ally begin  to  serve  their  time  in  the  core  shop. 

Dry  sand  is  the  term  applied  to  that  class  of  work  where  a  flask  is 
used,  but  a  layer  of  core  sand  mixture  is  used  as  a  facing  next  to  pat- 
tern and  joint,  and  the  entire  mold  is  baked  before  pouring.  This 
drives  off  all  moisture  and  gives  hard,  clean  surfaces  to  shape  the  iron. 
It  is  used  where  heavy  work  having  considerable  detail  is  to  l>e  cast, 
or  where  the  rush  of  metal  or  tlie  bulk  of  it  might  injure  a  mold  of 
green  siiiid.  Drj'  sand  molds  are  usually  made  up  one  day,  baked 
over  night,  and  assembled  and  cast  the  next  day. 

Loam  work  is  the  term  applied  to  molds  built  of  bricks  carried 
on  heavy  iron  plates  The  facing  is  put  on  the  bricks  in  the  form  of 
mortar  and  shaped  by  sweeps  or  paMems  depending  up<3n  the  design 
of  the  piece  to  be  cast.  All  parts  of  the  mold  are  baked,  rendering  the 
surfaces  hard  and  clean.  After  being  assembled,  these  brick  molds 
must  l)e  rammed  up  on  the  outside  with  green  sand  in  a  pit  or  casing 
to  prevent  them  bursting  out  under  the  casting  pressure.  Simple 
molds  can  be  made  up  one  day,  assembled,  rammed  up  and  poured 
the  next  bi.t  it  usually  takes  three  or  four  days  and  sometimes  as 
many  weeks  to  turn  out  a  casting. 

Loam  work  is  used  for  the  heaviest  class  of  iron  castings  for  which, 
on  account  of  the  Hmited  uuiuIkt  wante<l,  or  the  simplicity  of  the 
shape,  it  would  not  pay  to  make  complete  patterns  and  use  a  flask. 
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In  some  cases  the  intricacy  of  the  design  makes  a  pattern  necessary, 
and  size  alone  excludes  the  use  of  sand  and  flasks. 

Xo  haixl  and  fast  rules  exist  for  the  selection  of  the  method  by 
which  a  piece  will  he  molded.  Especially  with  large  work  the  question 
whether  it  shall  be  put  up  in  green  sand,  dry  sand,  or  loam,  often  de- 
pends upon  local  shop  conditions.  The  point  to  consider  is:  How 
can  the  l>est  casting  for  the  purpose  be  made  for  the  least  money,  con- 
adering  the  facilities  at  hand  to  work  with? 

MATERIALS 

Before  taking  up  the  making  of  molds,  let  us  consider  briefly  the 
materials  use<l,  where  they  are  obtained,  and  what  is  their  particular 
ser\'ice  in  the  mold.  Also  we  shall  describe  the  principal  tools  used  by 
the  molder  in  working  up  these  materials  into  mol<ls. 

There  are  three  general  classes  of  materials  for  molding  kept  in 
stock  in  the  foundr>\     These  are: 


Sands 

F  ICINGS 

MiSCELLANEOUB 

Molding  .sands 

Gniphite 

Fir.'  clay 

Light 

Charcoal 

Parting  duist 

Medium 

Sea  coal 

Bunit  Stud 

Strong 

Oi'jLTCfj:d 

Fn^e  sand.s 

VtxTX'dJi'A 

Sharp  <»r  Fire 

CoT*f  \Af^u^r% 

li^'anh    sill  id 

SANDS 

All  sands  are  formed  by  the  breaking  up  of  nxks  due  Xf}  x\ut  'dtixim 
of  natural  forces,  such  as  frost,  wind,  rain,  ar.d  the  iurium  ^A  waUrr. 

Fragnnents  of  rocks  on  the  mountain  sides,  bf^kerj  r/ff  by  a^-tion 
of  frost,  are  washed  into  mountain  streams  by  rainfalL  Here  xhtv 
grind  against  each  other  and  pieces  thas  chipije^J  'iff  are  ^arrierj  bv  i\te 
rush  of  the  current  dowTi  into  the  rivers.  TumbW  n\fm^  !r.  the  rapid 
current  of  the  upper  river,  the  sand  will  finally  !^  'lqy/'^:t«yJ  wln^rre  the 
stream  flows  more  gently  through  the  U/w  laijrl  ¥tret/r}ie«  l^low  tije 
hills.  Here  the  slight  agitation  tewls  Ut  rraawr  tJi^  il:/T  -juinl  and  the 
day  to  settle  lower  and  lower  down  in  the  WJ-  Vu,i^.  v.f.  f:;,,^  ;^?. 
that  have  been  formed  in  ages  pa.'t;  jfifs><:iAy  mjtb  a  v^j,  y,;:  fonjie^i 
over  them,  so  long  have  thej-  lieen  iV^p^ki^i,  Bm  'm  t*^ij*j.]:>  •-  . 
top  soil  we  find  gravel  or  coarse  jsaryl  ^m  uj^,;  tlut  i;^;;^^,  \:^^^  c  , 
sand  and  this  again  finally  into  a  bed  of  cbr. 
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Rocks,  however,  are  very  complex  in  their  composition,  and  sands 
contain  most  of  the  elements  of  the  rocks  of  which  they  are  fragments. 
For  this  reason  molding  sands  in  different  parts  of  the  United  States 
vary  considerably. 

A  good  molding  sand  should,  first  of  all,  be  refractory,  that  is, 
capable  of  withstanding  the  heat  of  molten  metal.  It  should  be  porous 
to  allow  the  escape  of  gases  from  the  mold.  It  should  have  a  certain 
amount  of  clay  to  give  it  "bond"  or  strength,  and  should  have  an  even 
grain.  All  of  these  properties  will  vary  according  to  the  class  of  work 
for  which  the  sand  is  used. 

The  two  important  chemical  elements  in  such  sands  are  silica, 
which  is  the  heat-resisting  element,  and  alumina,  or  clay,  which  gives 
the  bond.  Other  elements  which  are  found  in  the  molding  sands  are 
oxide  of  iron,  oxide  of  lime,  lime  carbonate,  soda  potash,  combined 
water,  etc.  The  following  analyses,  by  W.  G.  Scott,  will  give  an  idea 
of  the  proportion  of  these  elements  in  the  dififerent  foundry  sands: 


Chemical   Symdoub 


Molding  Sands 
Iron  Work  Brass 


a.  Silica SiO, 

Alumina  (t-lay) AljO, 


Iron  oxidr Fe-(), 

Linit*  <>xid« CaC) 

b.  liimo  carbonate CaCOj  i 

Maj^nesia MjrO! 

Soda    Na,f) 

rotash K,Oi 

Combined  water H,*  > 

Organic  matter   . . 
Si)ecinc  gravity  . 
Degree  of  tlnen'ess 


Core 
Samd 


85  50 

2.05 

.86 

•  •  •  • 

2  ffi 

4  27 

.04 

.01 

2.00 

1.00 

2  r>92 


Silica  alone  is  a  fire-resisting  element,  hut  it  has  no  l)ond.  These 
other  elements  help  in  forming  the  bond.  But  under  heat,  silica  com- 
bines and  fuses  with  them,  forming  silicates.  These  silicates  melt  at  a 
much  lower  temperature  than  does  free  silica.  Therefore  with  sands 
carrjing  much  limestone  in  their  make  up,  or  those  containing  much 
oxide  of  iron,  s(><la  potiish,  etc.,  the  molten  iron  will  "bum  in**  more, 
making  it  more  difficult  to  clean  the  ca.stings. 

The  limestone  combinations  also  go  to  pieces  under  heat,  tending 
to  make  the  sand  crumble,  which  may  result  in  dirty  castings. 
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The  proportions  given  in  the  above  table  must  not  be  considered 
as  absolutely  fixed,  for  no  two  samples  of  sand,  even  from  the  same  bed, 
will  analyze  exactly  alike.  The  table  is  instructive,  however,  because 
it  shows  the  reason  why  the  different  sands  are  especially  adapted  to 
the  use  to  which  they  are  put  in  practice;  as  for  example: 

Fire  Sand  is  used  in  the  daubing  mixture  for  repairing  inside  of 
cupola  and  ladles,  and  should  \ye  in  the  highest  degree  refractory,  and 
should  contain  as  little  matter  as  possible  that  would  tend  to  make  it 
fuse  or  melt. 

Light  Molding  Sand  is  used  for  castings  such  as  stove  plate,  etc., 
which  may  have  very  finely  carved  detail  on  their  surfaces,  but  are 
thin.  The  sand  should  be  very  fine  to  bring  out  this  detail ;  it  must  be 
strong,  /.  e.y  high  in  clay,  so  that  the  mold  will  retain  every  detail  as  the 
metal  rushes  in.  On  the  other  hand,  the  work  w^ill  cool  so  quickly  that 
after  the  initial  escape  of  the  air  and  steam  there  will  be  very  little 
gas  to  come  ofif  through  the  sand. 

Medium  Sand  is  used  for  bench  work,  and  light  floor  work, 
making  machinerj'  castings  having  from  i  to  2-inch  sections. 

These  will  have  less  fine  detail,  so  the  sand  may  be  coarser  than 
in  the  previous  case.  The  bond  should  still  l>e  fairly  strong  to  presen-e 
the  shape  of  the  mold,  but  the  tendency  of  the  large  proportion  of  clay 
to  choke  the  vent  will  l)e  offset  by  the  larger  size  of  the  grain.  This 
vent  must  he  provided  for  because  the  metal  w^ill  remain  hot  in  the 
mold  for  a  longer  time  and  will  cause  gases  to  form  during  the  whole 
of  its  cooling  period. 

Heavy  Sand  is  used  for  the  largest  iron  castings.  Here  the  sand 
must  l)e  high  in  silica  and  the  grain  coarse  because  the  heat  of  the  mol- 
ten metal  must  be  resisted  by  the  sand  and  gases  must  he  carried  off 
through  the  sand  for  a  verj^  long  time  after  pouring.  The  amount  of 
bond  or  clay  must  l>e  small  or  it  will  cause  the  sand  to  cake  and  choke 
these  gases.  The  detail  is  generally  so  large  that  the  lack  of  bond  is 
compensated  for  by  the  use  of  gaggers,  nails,  etc.  The  coarse  grain 
is  rendered  smooth  on  the  mold  surface  by  careful  slicking. 

Core  Sand,  often  almost  entirely  surrounded  by  metal,  must  be 
quite  refractory  but  have  verj'  little  clay  bond.  This  bond  would 
make  the  sand  cake,  choking  the  vent,  and  render  it  difficult  of  re- 
moval from  a  cavity  when  cleaning  the  casting.     Compared  with 
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medium  molding  sand  it  shows  higher  in  silica  although  having  less 
than  half  the  proportion  of  ahmiina. 

Sands  having  practically  no  clay  in  them  are  called  ]rec  sands. 
Of  these  there  are  two  kinds  in  use,  river  satids  and  beach  sands. 

The  grains  of  river  sand  retain  the  sharp  fractured  appearance  of 
chipped  rock,  and  these  little  sharp  grains  help  much  in  making  a 
strong  core  l^ecause  the  sharp  angular  grains  interlock  one  w^ith  an- 
other. River  sand  is  used  on  the  larger  core  work.  Beach  sand  is 
considerably  used  in  coast  sections  l>ecause  it  is  relatively  inexpensive, 
but  its  grains  are  all  rounded  smooth  by  the  incessant  action  of  the 
waves.  It  will  pack  together  only  as  will  so  many  minute  marbles. 
For  this  reason  it  is  used  only  for  small  cores. 

FACINGS 

Foundry  facing  is  the  tenn  given  to  materials  applied  to  or  n^ixed 
with  the  sand  which  comes  in  contact  with  the  melted  metal.  The 
object  being  to  give  a  smooth  surface  to  the  casting.  They  accom- 
plish this  in  two  ways:  1st,  by  filling  in  the  pores  l)etween  the  sand, 
thus  giving  a  smooth  surface  to  the  mold  face  before  the  metal  is 
poured;  2nd,  they  burn  very  slowly  under  the  heat  of  the  metal,  form- 
ing a  thin  film  of  gas  l>etween  sand  and  iron  during  the  cooling  pro- 
cess. This  prevents  the  iron  "burning  into"  the  sand  and  causes  the 
sand  to  separate  from  the  casting  when  cold. 

Different  forms  of  carbon  are  used  for  this  purpose  because  carbon 
will  glow  and  give  off  gases,  but  it  will  not  melt.  The  principal  facings 
are  graphife,  charcoal ^  and  sea  coal. 

(jraphite  is  a  mineral  fonn  of  cari)on.  It  is  mined  from  the  earth 
and  shi])ped  in  lumps  which  are  blacker  than  coal  and  soft  and  greasy 
like  a  lump  of  clay.  The  ])urest  gra])hite  comes  from  the  Island  of 
Ceylon,  India.  There  are  several  beds,  however,  in  the  coal  fields  of 
North  America. 

Charcoal  is  a  vegetable  form  of  carbon.  It  is  made  by  forming  a 
shapely  pile  of  wood,  covering  this  over  with  earth  and  sod,  with  tlie 
exception  of  four  small  openings  at  the  bottom  and  one  at  the  top. 
The  pile  is  set  on  fire  and  the  wood  smoulders  for  days.  This  bums 
off  the  gases  from  the  wood,  leaving  the  fibrous  structure  charred  but 
not  consumed.  Charcoal  burning  is  done  in  the  lumbering  districts. 
The  charcoal  for  foundr\'  facinj^s  should  l>e  made  from  hsinl  wood. 

Although  sea  coal  contains  a  high  \)er  cent  of  carbon^  it  is  less 
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pure  than  the  other  facings  and  will  give  off  much  more  gas.  Sea  coal 
is  made  from  the  screenings  from  the  soft  c*oal  breakers.  The  coal 
should  be  carefully  selectetl  by  the  manufacturer  and  be  free  from 
slate  and  very  low  in  sulphur. 

All  facings  are  manufactured  by  putting  the  raw  materials  through 
a  series  of  crushers,  tumbling  mills  or  old-fashioned  burr  stone  mills, 
and  then  screening  them.  The  finest  facings  are  bolted  much  as  flour 
is. 

In  the  shop  the  molder  distinguishes  between  facings  or  blackings, 
and  facing  sand.  The  former  consists  of  graphite  or  charcoal,  and  is 
applied  to  the  finished  surface  of  a  mold  or  core.  The  latter  is  the 
name  given  to  a  mixture  of  new  sand,  old  sand,  and  sea  coal  which  in 
the  heavier  classes  of  work  form  the  first  layer  of  sand  next  the  pattern. 

The  use  of  the  different  facings  will  \>e  clearly  seen  from  the  fol- 
lowing table: 


Material 
Charcoal. 


Uses 

Good  facing  for  light  molds;  dusted 
on  from  bag  after  pattern  is  drawn. 

Mixed  with  molasses  water  for 
wash  for  small  cores  and  dry  sand 
work. 

Mixed  with  some  graphite  and  clay 
wash  for  blacking  for  heavy  dry  sand 
and  loam  work;  slickctl  over  with 
tools. 

May  b(;  used  as  a  parting  dust  on 
joint  of  bench  molds. 


Action 

Bums  at  low  enough 
temperature  to  be  eflfect- 
ive  before  thin  work 
cools. 

Resists  moisture;  pre- 
vents sand  surfaces  from 
sticking  together. 


Graphite. 


Sea  Coal. 


G<x)d  facing  for  bench  molds ;  dust(  d 
on  from  bag;  good  for  medium  and 
heavy  green  sand  work.  Applied  with 
camel's  hair  brush,  and  slicked  over 
with  tools. 

For  heavy  blacking  for  dry  sand 
and  loam  work.     See  above. 

Mixed  with  facing  sand  in  profxjr- 
tiofis  1 — (i  to  1 — 12.  Se<*  seetion  on 
molding. 


Good  on  heavier  green 
sand  because  it  is  more 
refractory  than  charcoal, 
but  still  forms  gas  ciKiUgh 
U)  keep  metal  from  burn- 
ing into  sand. 


Helps  to  force  vents 
through  sand  when  mold 
is  first  poured,  and  pre- 
vents strong  sand  of  the 
facing  from  caking,  be- 
cause^ it  continues  to 
throw  off  gas  after  cast- 
ing has  solidified. 
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MISCELLANEOUS  MATERIAL 

Fire  Clay  comes  from  the  same  source  that  sand  does.  It  is 
almost  pure  oxide  of  alumina,  which  is  separated  out  from  the  sand  by 
a  combination  of  the  chemical  and  mechanical  action  of  the  waters  of 
the  streams.  Fire  clay  has  traces  of  the  other  impurities  mentioned  in 
the  analysis  of  molding  sands.  It  is  found  in  the  lowest  strata  of  the 
deposit  beds. 

It  is  used  to  mix  with  fire  sand  in  the  nn)portion  of  1  to  4  as  the 
daubing  mixture  for  cupola  and  ladles. 

Clay  Wash — fire  clay  and  water.  The  test  for  mixing  this  is  as 
follows:  Dip  the  finger  into  the  wash  and  then  withdraw  it.  There 
should  be  an  even  film  of  clay  deposited  on  the  finger. 

Clay  wash  is  used  as  the  basis  of  heavy  blackings.  It  is  used  for 
wetting  crossbars  of  flasks;  breaks  in  sand  where  a  repair  is  to  be 
made;  to  wet  up  the  dry  edges  of  ladle  linings  when  repairing  with 
fresh  daubing  mixture;  in  fact,  any  place  where  a  strong  bond  is  re- 
quired at  some  particular  spot. 

Parting  Sands  or  parting  dusts  must  contain  no  bond.  They  are 
used  to  throw  on  to  the  damp  surfaces  of  molds  which  must  separate 
one  from  another.  They  prevent  these  surfaces  formed  of  high  bond 
sands  from  stic'king  to  each  other. 

The  cheapest  parting  sand,  and  by  far  the  most  commonly  used, 
is  obtained  by  putting  some  burnt  core  sand,  from  the  cleaning  shed, 
through  a  fine  sieve. 

Beach  sand  is  also  used  as  a  parting  sand,  but  the  rounded  nature 
of  its  grain  weakens  the  molding  sands  more  than  does  bunit  core  sand. 

Charcoal  facing  dusted  from  a  bag  makes  an  excellent  parting 
dust  on  fine  work. 

A  dust  manufactured  expressly  for  the  purpose  and  called  "Par- 
tainol"  is  the  most  perfect  material  for  fine  work.  This  is  applied 
from  a  dust  bag.  It  is  not  only  useful  for  sand  joints,  but  is  a  great 
help  if  there  is  a  deep  lift  on  a  pattern  where  the  sand  is  liable  to  stick; 
or  for  a  troublesome  box  in  the  core  room. 

Core  Binders.  Although  the  materials  for  this  purpose,  flour, 
rosin,  oil,  etc.,  are  on  the  purchasing  list  of  the  general  foundr}'  buyer, 
for  the  purposes  of  this  paper  they  will  be  explained  in  detail  in  the 
section  on  Core  W^ork. 
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TOOLS 

Under  this  heading  only  the  hand  tcxtis  and  equipment  used  by 
the  molder  in  putting  up  his  mold,  will  be  described.  The  mechanical 
appliances  for  reducing  labor  are  described  in  a  later  section. 

To  use  sand  economically  for  molds,  sets  of  open  frames  called 
flasks  are  used.  Flaska  consist  of  two  or  more  such  boxes.  The 
lower  box  is  called  the  drag  or  nowd,  the  upper  box  is  called  the  cope. 
If  there  are  intermediate  parts  to  the  flask  they  are  called  cheeks. 
Flasks  are  fitted  with  pins  and  sockets  so  that  they  will  always  register. 
For  small  castings  the  molds  are  rammed  up  on  benches  or  pro- 
jecting brackets.  Such 
work  is  termed  bench  woric 
and  the  flasks  are  usually 
what  are  known  as  snap 
flasks.  They  range  in  size 
from  9x12  inches  to  18x20 
inches.  As  will  be  seen 
from  Fig.  1,  these  flasks 
hinge  on  one  comer  and 
have  catches  on  the  diag- 
onal comer.  The  advan- 
tage of  the  snap  flask  is  that 

with  but  one  flask  any  number  of  molds  may  be  put  up,  and  the  flask 
removed  as  each  mold  is  completed.  There  are  several  g(xnl  snap 
flasks  to  be  had  on  the  market.  Many  foun<lries,  however,  make  up 
their  own. 

Each  size  of  flask  should  have  at  least  one  smooth  straiglit  board 
called  the  mold  lK)ard,  the  .size  of  out- 
side dimensions  of  tlie  flask.  Rough 
boards  or  bottom  l>oards  of  same  si/,e 
should  be  pnivided,  one  for  each  mold 
that  will  be  put  up  in  a  day. 

Boards  for  snap  work  are  made 
from  ^  to  1  inch  stuff,  and  should  have  two  stiff  cleats,  as  shown  in 
Fig.  2,  to  hold  them  straight. 

For  heavier  castings  where  the  molds  are  made  on  the  floor,  box 
Sasks  are  u.sed  made  of  wood  or  iron. 

In  the  jobbing  shop,  wood  flasks  are  more  economical,  as  they  can 
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mare  readily  be  altered  to  fit  a  variety  of  patterns,  while  in  a  fouuln 
turning  out  a  regular  line  of  castings,  iron  flasks  pay  becRUse  tlwy  re- 
quire less  repair. 

Wooden  flasks  of  necessity  receive  hard  u.sage  in  th«  shop  wA 
ertivi  weaker  each  time  they  are  used.  They  will  bum  more  or !?« 
each  heat;  they  receive  rough  usage  when  the  mold  is  shaken  outiaiwi 
often  the  flasks  must  be  stored  where  they  are  exposed  to  all  kindiM 
weather.  It  is  economy,  tlierefore,  to  build  wooden  flasb  hcsiiw 
than  would  be  necessary-  if  they  were  always  to  be  used  in  ihaf  new 
condition. 

Fig.  3  shows  construction  of  a  typical  wooden  flask;  tlie  siJa 
project  to  form  lifting  handles,  the  ends  are  gained  in  to  tht-  niiles. 
Through  bolts  hold  the  sides  firmly  in  addition  to  the  nailing.    Dfui' 


Wooden  Flask. 

of  llie  pin  is  shown  at  A,  and  at  B  is  a  cast-iron  rocker  useful  on  flaski 
over  1  X  ■')  fi-ct,  to  facilitate  lifting  and  rolling  over.  The  cleats  make 
it  a  simple  i-uittcr  to  alter  crossbars.  The  crossbars  should  l)e  not 
over  S  inclies  on  centers.  For  more  than  3-foot  spans  they  should 
liave  .short  cn»sshar5  through  the  middle  connecting  the  long  ones. 
In  (liisks  4  feet  and  over  there  should  be  one  or  more  iron  crossbars 
and  a  J-inch  through  boh  with  good  washers  to  clamp  the  sides  firmly 
to  them. 
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The  following  table  shows  thickness  of  stuff  for  sides  and  cross- 
l>ars  for  average  sizes  of  jobbing  flasks: 


F^uASK  Sizes,  0  Inches  Deep 


Up  u%  24  X  24  ins 

IH  ins,  to  24  ins.  wide  to  a  ft.  long 
U  ins,  to  3^  ins.      ••      "  0  •• 
36  ins,  lo  4^ ins,     ••      "  7  •* 


Sides 


Ceoss- 

BAKa 


Short 
Cross- 
bars 


Iron 
Cross* 

UARS 


l^in. 

2  ins. 
2%  in. 

3  ins. 


lin. 
1  in. 
IK  In. 
154  In. 


1  row 

2  rows 


1 

2 
2 


X.  B. — For  each  additional  G-iiich  depth  of  cope  or  drag,  add  25  per  cent 
to  the  thickness  given. 

Example.      Find  thickness  of  sides  and  bars  in  a  flask  30x48 
inche.*^. 
Length  on  side  over  2  ft.  under  5  ft.  Thickness  of  side   =  2  inches. 

A- 


t: 


.d^jtiiJL 


TT 
!  I 


t3> 


I 


I 
I 
I 
I 


ni 


— d — ^ 


1 1 


Hanc//e 


t 


b 

10 


^ 


ft 


Fig,  4.    Iron  Flask. 

Width  of  flask  over  24  inches  under  3()  inches,  Thickness  of  crossbar  = 
1 }  inches. 

Fig.  4  shows  the  construction  of  a  large  iron  flask  suitable  for  dr}' 
sand  work.  The  pieces  of  the  fla.sk  are  usuallv  ca.st  in  open  sand  from  a 
skeleton  pattern,  all  holes  cored  in.  The  crossl^ars  arc*  cast  in  the  same 
way;  they  have  a  slot  in  the  flange  in.stead  of  holes  to  facilitate  adjust- 
ing them.  Tmnnions  and  rockers  are  sometimes  cast  on  the  sides  m  a 
core  instead  of  being  made  separate  and  l)olted  on.    Holes  for  pms  are 
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usually  drilled  through  the  joint  flange.  For  pins,  short  iron  bars  are 
used  temporarily  in  closing.  Thickness  of  metal  varies  from  J  to 
1 J  inches  according  to  size  of  flask. 

Fig.  5  shows  typical  form  of  iron  flask  used  on  some  molding 

machines.  The  boxes  are  cast  in 
one  piece.  The  handles  ser\'e  as 
lugs  for  the  closing  pins.  Only 
one  pin  is  fixed  on  each  box. 
T  h  i  s  makes  the  lx)xes  inter- 
changeable and  capable  of  being 
used  for  either  cope  or  drag. 

For   cutting   and    handling 
loose  sand  the   niolder   uses   a 

Pig.  5.    Flask  for  Molding  Machine..  ^,^^^.^,  ^^.;^,^  j,.^^    ,^,^^,^^  p;^    ^^  j^^ 

it  is  often  more  convenient  to  let  the  sand  slide  off  of  the  side  of  the 
shovel  than  off  of  the  end.  This  is  especially  true  when  shoveling 
sand  into  bench  molds  or  molding  machine  flasks. 

The  foundry  sieve  or  riddle,  Fig.  7,  is  used  to  break  up  and  re- 
move lumps,  shot  iron,  nails,  etc.,  from  the  sand  placed  next 
3^  the  patteni  or  joint.  Sieves  should  have  oak  rims  with  brass 
or  galvanize<l  iron  wire  clotli.  In  ordering,  the  diameter  of 
rim  and  number  of  nicshcs  to  the  inch  of  the  woven  wire  is 
given.  (Jood  sizes  for  the  iron  foundry  are  1()  inches  to  is 
inches  diameter,  No.  S  to  12  on  bench  work.  No.  4  to  8  on 
floor  work. 

Rammers  are  used  for  evenly  and  (juickly  packing  the 
sand  in  the  flask.  ( )nc  end 
is  in  tlie  shape  of  a  (hill 
wedge,  callcHl  the  j)  e  c  n 
end,  the  other  is  round 
and  flat,  called  tlie  butt 
end.  In  Fig.  S,  a  is  the 
ty])e  of  rammer  used  on 
bench  work;  h  is  a  floor 
r  a  m  m  e  r  having  c  a  s  t 
heads  and  wooden  shaft;  r  shows  rammer  made  up  in  the  foundrj'  by 
casting  the  heads  on  the  ends  of  an  iron  bar;  d  shows  small  peen  cast 


Fig.  P. 

Fhit  nia«l<' 
Shovol. 


Fig. 


Foundry  Sieve. 
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on  short  rod;  this  is  convenient  for  getting  into  comers  or  pockets  on 
floor  »^'ort. 

In  shops  equi|>ped  with  compressed  air  a  pneumatic  rammer  is 
sometimes  used  to  butt  off  large  flasks,  and  for 
ramming  loam  molds  in  pits.     See  Fig.  9, 

Molders'  tools  are   designed    tor   shaping  \ 
and  slicking  the  joint  surfaces  of  a  mold  and 
finishing  the  faces  of  the  mold  itself.     Except 
the  trowels,  they  are  forged  in  one  piece  from  ■ 
steel.     The  trowels  have  steel  blade  and  short  I 
round  handle  which  fits  conveniently  into  the 
grasp  of  the  hand.     All  of  the  tools  are  gi'ound 
slightly  crowning  on    the  Iwttom.    They  are 
rocked  just  a   little  as  (hey  are  worked  back 
and  forth  over  the  sand  to  prevent  the  forward 
edge  cutting  into  the  surface  of  the  mold. 


FlR.  B.    Pneumitli'  Rammer.  FIr,  10.    Trowels. 

Of  the  sixty  or  more  combinations  of  .-ihiiiies  on  the  market,  the 
few  illustrated  represent  the  ones  most  commonly  used  in  jobbing 
shops. 
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Trowels,  Fig.  10,  are  used  for  shaping  and  smoothing  the  Lirger 

surfaces  of  a.  mold.    The  scjuare  trowel  (a)  is  convenient  for  working 

up  into  a  square  comer,  and  the  fimsh- 

ing  trowels  (b  and  c)  are  more  lor  nj(f 

ing  out  and  6nisliing  along  the  iiinei 

eflges  oF  a  pattern.    Trowels  are  nieav 

tired  by  the  width  and  length  of  lilmie. 

Slicks  are  designated  by  the  shape 

of  the  blade  and  the  width  of  the  ftiilest 

blade.    In  Fig.  1 1 .  o  is  a  heart  awl  W; 

V,      „  and  spoon;  c,  heart  and  squnKI 

and  d,  a  spoon  and  liead. 

These  are  in  sizes  of  1 

inch  to  1 3  inches.     They 

are  used  for  repairinji  and 

ris-ii.   suciti  slicking  small  surfaces 

Fig.  12  shows  lifters  used  to  clean  and  finish  the 

bottom  and  sides  of  deep  narrow  openings;  a  is  a  floor 

lifter,  made  in  sizes  5  x  10  to  1  x  20;  6  is  a  bench  lifter, 

sizes  varj-  from  ,*„  inches  to  J  inch.  g 

Fig.'  I'-i  -shows  at  a  and  h,  inside  and  outside  square 

_  comer  slicks,  made  in 

\  1\  I    sizes  of  I  to  ,1  inches. 

a  *^-- — """^  ner,  widths  1  inch  to 

2J  inches;  and  d  is  a 
^ — ^  pipe  slick  made  1  inch 

i^Eh^:)  to  2  inches.  This  style  fe  >^  ^i""^ 
of  tool  is  mainly  used   on  dry  sand 
d  and  loam  work. 

r"  ( ^irTirr  .'.liiii-j  Swabs  are  use<l  to  moisten  the 

id  about  a  pattern  before  drawing  it  from  the  mold. 
Tlii.s  fmiridri-  swa'i  is  a  dangerous  though  useful  tool.  Its  danger 
lies  in  a  too  free  u.se  (if  walcr  aroiniij  the  mold,  which  may  result  in 
blow  holes.  A  guild  >iwab  f.ir  iK-nch  work  is  made  by  fastening  a  piece 
(if  sponge,  about  doul)le  the  sIkc  of  an  egg,  to  a  goose  quill  or  even  a 
pointed  hanlwood  stick.  The  point  will  act  as  a  guide  and  the  water 
may  lie  made  to  run  or  sim]>ly  dnip  from  the  point  by  varying  the 
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pressure  on  the  sponge.     Floor  swabs,  Fig.  14,  are  made  from  hemp 
fiber.    They  should  have  a  good  body  of  fiber  shaped  to  a  point,  and 
te  made  about  12  inches  or  14  inches  long.    They  will  take  up  con- 
siderable water  and  deliver  it  from 
the  tip  of  the  pomt.     In  heavy 
^'ork  the  swab  is  trailed  lightly 
over  the  sand  like  a  long  bristled 

l>rush.  ^*S'  *^'    Floor  Swab. 

A'ent  wires  are  used  to  pierce  small  holes  through  the  sand  con- 
necting the  mold  cavity  with  the  outside  air.  For  bench  work  a  knit- 
ting needle  is  the  most  convenient  thing  to  use.  It  should  have  a  short 
hardwood  handle  or  cast  ball  on  one  end.     Select  a  needle  as  small  as 

possible,  so  long  as  it  will  not  bend  when  using  it. 

Heavy  vent  rods  are  best  made  of  a  spring  steel  from 

-1%  inches  to  J  inch  with  the  pointed  end  enlarged  a  little  to 

give  clearance  for  the  body  of  the  rod  when  run  deep  into  the 

sand.     See  Fig.  15. 

Draw  sticks  are  used   to 

rap  and   draw  patterns   from 

the  sand.     Fig.  16  shows  three 

kinds:     (a)  is  a  small  pointed 

rod  J  inch  to  f  inch  in  size, 

which  gets  its  hold  by  simply 

driving  it  into  the  wood  of  the 

pattern,  (b)  is  a  wood  screw 
welded  to  an  eve  for  convenience,  (r) 
is  an  eve  rod  with  machine  screw- 
thread,  which  requires  a  metal  plate 
let  into  the  pattern.  The  plate  is 
called  a  rapping  plate  and  is  made  with 
separate  holes  not  threaded.  Into  these 
holes  a  pointed  rapping  bar  is  placed 
when  rapping  the  pattern.  This  pre- 
serves the  threads  used  for  the  drawbar. 
In  pDuring,  the  parts  of  a  mold 
must  be  clamped  by  some  method  to 
prevent  the  pressure  of  the  liquid  metal  from  separating  them,  causing 
a  run-out. 


Pig.  15. 
Vent  Rod 


I 


Fig.  16.    Draw  Sticks. 
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For  light  work  a  weight,  shown  in  Fig.  17,  is  the  most  convenient. 

This  is  simply  a  plate  of  cast  iron  1  inch  to  IV  inches  thick,  with  a 

cross-shaped  opening  cast  in  it  to  give 
considerable  liberty  in  placing  the  run- 
ner in  the  mold.  The  weights  are  from 
15  to  40  pounds,  according  to  size  of 
flasks. 
Fig.  17.  weight.  Ylixyr  flasks   are    fastene<l   with 

clamps  made  of  cast  iron.     These  are  tightened  by  prj'ing  them  on  to 

a    hardwood   wedge.     Fig.  18 

shows  how  wedge  may  first  be 

entered  and  how  the  clamping 

bar  is  used  to  firmly  clamp  the 

flask.     For  iron  flasks  used  in 

dry  sand  work  the  clamps  are 

very  short  as  only  the  flanges 

are  clamped   together.      See 


Fig.  4.     Iron  wedges  are  used      U  J  -*:^:^ 

instead   of  wood.     Often   the         C/amp  We^^^e 

iron  l)ottom  board  is  clamped  ^^e.  i3.   Mcthou  of  damping. 

on  and  the  joint  flanges  bolted  together  before  pouring. 

PRINCIPLES  OF   MOLDING 

There  are  certain  prificiples  underlying  iron  molding  which  hold 
good  in  all  classes  of  founding,  and  a  practical  understanding  of  the.se 
principles  is  neces.sarv'  for  good  work  in  Jiny  line. 

Aside  from  the  fact  that  we  generally  want  a  mold  which  takes 
the  least  po.ssihle  time  to  put  up,  there  are  three  things  aimed  at  in 
green  sand  work,  these  are:  A  sound  casting,  free  from  internal  im- 
perfections, such  as  blow  holes,  porous  spots,  shrinkage  cracks,  etc. 
A  clean  casting,  free  from  dirt,  such  as  slag,  sand,  etc.  A  smooth 
casting,  having  uniform  surface  free  from  scabs,  buckles,  cold  shuts, 
or  swells.  The  natural  sands  best  adapted  to  obtain  these  results 
have  already  l)et»n  dealt  with.  The  methods  of  atkling  new  sands 
var\'  with  different  cla.sses  of  work.  For  light  work  the  entire  heap 
should  l)e  kept  in  g(K)d  condition  by  adding  a  little  new  sand  every- 
day; for  the  light  castings  do  not  burn  out  the  sand  to  a  great  extent. 
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On  heavier  work  of  from  50  pounds  and  upward,  the  proportion 
of  sand  next  the  pattern  is  so  small  compa^<i  with  that  used  simply 
to  fill  the  flask,  that  it  does  not  pay  to  keep  the  entire  heap  strong 
enough  for  actual  facing.  The  heap  should  be  freshened  occasionally 
\iith  a  cheap  molding  sand,  but  for  that  portion  of  the  mold  which 
forms  the  joint  surface  and  especially  that  which  comes  in  contact  with 
the  metal,  a  facing  sand  should  be  used. 

The  range  of  new  sand  in  facing  mixtures  is 

3  to  G  New  sand  \ 

6  to  2  Old    "      I J  to  I  Sea  coal  facing. 

1  to  2  Free     '      ) 

These  proportions,  and  the  thickness  of  the  layer  of  facing  sand, 
varv'  with  the  weight  of  metal  in  the  casting.  Too  much  new  sand 
tends  to  choke  the  vent  and  cause  sand  to  cake;  too  little  new  sand 
renders  facing  liable  to  cut  or  scab.  Too  much  sea  coal  makes  sand 
brittle,  and  more  difficult  to  work,  also  gives  off  too  much  gas  which 
is  liable  to  cause  blow  holes  in  casting.  Not  enough  sea  coal  allows 
the  sand  to  cake,  making  cleaning  difficult. 

To  prepare  foundry  sand  for  making  a  mold,  it  must  be  **tem- 
pered'*  and  **cut''  through.     This  is  now  usually  done  by  laborers. 

To  temper  the  sand,  throw  water  over  the  heap  in  the  form  of  a 
sheet  by  giving  a  peculiar  backward  swing  to  the  pail  as  the  water 
leaves  it.  Then  "cut"  the  pile  through,  a  shovelful  at  a  time,  letting 
the  air  through  the  sand  and  breaking  up  the  lumps.  This  moistens 
the  clay  in  the  sand,  making  it  adhesive  and  puts  the  pile  in  the  best 
condition  for  working. 

To  test  the  temper,  give  one  scjueeze  to  a  handful  of  sand.  An 
excess  of  water  will  at  once  be  detected  by  the  soggj^  feeling  of  the 
sand.  Now  hold  the  egg-shaped  lump  between  thumb  and  finger  of 
each  hand  and  break  it  in  the  middle.  The  edges  of  the  break  should 
remain  firm  and  not  crumble. 

Too  much  moisture  will  make  excess  of  steam  in  the  mold,  causing 
blow  holes.  Not  enough  moisture  renders  sand  weak  and  apt  to  wash 
or  cut. 

Bearing  in  mind  the  nature  of  the  materials  we  have  to  work  with, 
we  must  now  study  the  important  operations  involved  in  making  a 
sand  mold. 
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The  Kind  next  to  the  joint  and  over  tlie  pattern  should  l)c  sifted. 
The  thickness  of  this  layer  of  sifted  sand  varies  fn)m  almiit  j  incli 
for  light  work,  to  2  inches  on  verj-  lieavy  work,  Tlie  fineness  of  the 
sieve  used  depends  niH>n  the  class  of  work.  No,  1(>  or  12  would  Ix; 
used  for  small  name  plates,  stove  plate,  etc.,  while  No.  8  or  0  is  roim! 
for  general  macliinerj'  work.  On  floor  work,  from  4  to  0  inches  (;f 
sand  back  <;f  the  facing  should  be  riddled  through  a  No.  4  sieve  t.t 
ensure  more  even  ramming  iind  venting. 
RAMMING 

The  object  of  ramminij  is  to  niiiko  the  sand  iiang  into  the  fla.sk 
and  supjKtrt  the  walls  of  the  mold  against  the  How  and  pressure  of  the 
metal.  The  knack  of  ramming  ju.st  right  only  conies  with  <()ntiiui('d 
practice  and  comparison  of  results.     Hani  ramming  closes  up  the 


vcnl,  causing  blow  holes.  Iron  will  not  lay— to  a  hard  .surface. 
Soft  ranuning  leaves  a  weak  mold  surface  anil  the  flow  of  the  metal  as 
if  enters  the  mold  will  "wash"  or  "cut"  die  .sand,  leaving  a  ".scab"  on 
one  part  of  the  casting  and  .sjind  holes  on  another.  A  mokl  rainme*! 
too  soft  will  tend  to  "swell"  under  the  pressure  of  the  liquid  metal, 
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maid[ip  the  casting  larger  than  the  pattern  or  leaving  an  unsightly 
lump  on  the  casting.  The  bottom  parts  of  a  meld  being  under  greater 
casting  pressure  must  be  rammed  somewhat  harder  than  the  upper 
portions. 

The  joint  also  should  be  packed  firmly,  as  it  is  exposed  to  more 
handling  than  any  other  part. 

Crossbars  are  put  in  the  cx>pe  to  make  it  possible  to  lift  the  sand 
wiih  the  cope  without  excessively  hard  ramming.  As  an  additional 
support  for  the  cope  sand  on  large  work  gaggers  are  used.  These  are 
I^hr.ped  pieces  of  iron  made  from  wrought  or  cast  iron  of  from  -,*j- 
inch  to  i-inch  square  section. 

The  force  of  the  sand  pressing  ag^nst  the  long  leg  of  the  gagger 
holils  it  in  place  and  the  sliort  leg  supports  the  sand  about  it.  There- 
fore the  g'l^er  will  hold  best  when  the  long  leg  is  placed  tight  against 


C> 


Fig.  K,    Ctaaplcls. 

the  cros.sl>ar  and  plumb.  Tl.e  long  leg  of  the  gagger  should  not  pro- 
ject above  the  level  of  the  cope,  as  there  is  much  danger  of  striking  it 
and  breaking  in  the  mold  after  the  flask  is  closed.  Fig.  19  shows  the 
right  and  the  wrong  ways  of  setting  gaggers. 

Chaplets  should  be  used  to  support  parts  of  cores  which  cannot 
1)6  entirely  secured  by  their  prints  which  are  held  in  the  sand  of  the 
mold.  Fig.  20  shows  the  three  principal  forms  of  chaplets  used,  and 
how  they  are  set  in  the  mohi;  (a)  is  a  stem  chaplet;  (6)  is  a  double 
headed  or  stud  chaplet;  and  (c)  is  a  form  of  chaplet  made  up  of  strip 
metal. 

That  portion  of  the  chaplets  which  will  lie  bedded  in  metal  is  tinned 
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to  presen-e  it  from  rusting,  bec*ause  rusty  iron  will  cause  liquid  metal 
to  "blow."  For  small  cores  nails  are  often  employed  for  this  purpose, 
but  only  new  ones  should  be  used.  With  the  stem  chaplets  the  tails 
must  l)e  cut  off  when  the  casting  is  cleaned — the  stud  chaplet  l)ecomes 
entirely  embedded  in  the  metal.  There  are  now  manufactured  and 
on  the  market  many  different  styles  of  chaplets.  In  selecting  the  size 
and  form  for  a  given  purpose  the  head  of  the  chaplet  should  l)e  large 
enough  to  support  the  weight  of  the  core  without  crushing  into  the  sand 
and  thin  enough  to  fuse  into  the  liquid  metal.  The  stem  must  be 
small  enough  to  fuse  well  to  the  metal  and  stiff  enough  not  to  l>end, 
when  hot,  under  its  load. 

VENTING 

In  the  section  on  sands,  reference  has  already  been  made  to  gases 
which  must  l)e  taken  off  from  a  mold  when  it  is  poured.  There  are 
three  forms  of  these:  Air,  with  which  the  mold  cavitv  is  fille<l  l)efore 
pouring,  Steamy  fonned  by  the  action  of  the  hot  metal  against  the 
damp  sand  during  the  {X)iiring  process;  and  Gases,  formed  while  the 
casting  is  cooling,  from  chemical  reactions  within  the  liquid  metal  and 
from  the  burning  of  organic  matter,  facings,  core  binder,  etc.,  in  the 
sands  of  the  mold.  It  is  of  the  greatest  importance  that  these  gases 
pass  off  quickly  and  as  completely  as  possible.  If  they  do  not  find 
free  escape  through  the  mold  they  are  fonned  back  into  the  liquid  metal, 
making  it  "boir*  or  *M)1()W."  This  may  blow  the  metal  out  through 
risers  and  runners,  or  simply  form  numerous  little  bubble-shaped 
cavities  in  the  casting,  called  ''blow  holes."  These  often  form  just 
Iwlow  the  skin  of  th(»  casting  and  arc  not  dis(»overe<l  until  the  pit^c  is 
partially  rinished. 

We  caiuiot  depend  entirely  upon  the  porosity  of  the  molding 
sands,  but  must  provide  channels  or  irnfs  for  the  escape  of  these  gases. 

For  light  work  a  free  use  of  the  vent  wire  through  the  sand  in  the 
cope  will  answer  all  purposes. 

On  castings  of  ine<lium  weight,  besides  venting  with  the  wire, 
risers  are  placed  directly  on  the  casting  or  just  off  to  one  side  as  shown 
in  Figs.  19  and  21.  These  are  left  open  when  the  mold  is  poured  and 
provide  mainly  for  the  escape  of  the  air  from  the  mold. 

Heavy  castings  that  will  take  some  time  to  cool,  and  thus  keep 
facings  burning  for  a  long  time  after  the  mold  is  poured,  require  vent- 
ing on  sides  and  bottom  as  well  as  top.     Fig.  21  shows  side  vents  a  a 
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a  a  connecting  with  the  air  through  the  channel  6  6  6  cut  along  joint 
and  risers  c  c  c  passing  through  the  cope.  At  the  bottom  the  vents 
connect  with  cross  vents  d  d  run  from  side  to  side  between  the  bottom 
board  and  edge  of  flask.  Fig.  22  shows  a  mold  bedded  in  the  floor; 
the  side  or  down  vents  connect 
at  the  top,  as  m  previous  exam- 
ples and  at  the  bottom  with  a 
cmder  bed  about  2  mches  thick, 


H 

1 

!(l 

fe 

r^ 

Ir 

-^3 

77 

Fig.  21.    Use  of  Itlsers.  Fig   22     M  Id  Itedilul  Id  Floor 

rammed  over  entire  lx)ftom  of  pit.     The  gi^es  find  esca[>e  from  this 
tinder  bed  through  a  large  gas  pipp- 
in pouring,  the  ga.s  from  vents  should  lie  lighletl  us  soon  as  may 
l)e.    The  burning  at  the  mouth  (»f  venls  helps  draw  the  gases  from 
Ijelow  and  also  keeps  the  poisonous  gas  out  of  the  shop. 

It  is  customar)'  to  keep  risers  clo.sed  with  small  cover  plates  when 
large  ca.stings  are  lieing  poured  so  that  the  air  in  the  mold  will  lie  com- 
pressed as  the  metal  rises  in  the  mold.  This  helps  sustain  the  walls 
of  the  mold  and  forces  the  vents  clear  so  that  fhev  will  act  more  tjuickly 
when  the  mold  is  full.  These  covers  rre  remo\etl  cK-casionally  to 
watch  the  progress  of  pouring,  and  are  entirely  removed  when  the 
metal  enters  the  risers. 

GATING 
Gating  's  the  term  applied  to  the  niethoils  of  forming  openings 
and  channels  in  the  sand  by  which  li<|ui(l  metal  may  enter  the  mold 
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cavity.    The  terms  sprues  and  runners  are  also  used  with  the  same 

meaning  in  some  shops. 

There  are  practically  three  parts  to  all  gatesv-the  pouring  basin, 

the  runner,  and  the  gate.    See  Fig.  21.    The  runner  is  formed  by  a 

wooden  gate  plug  made  for  the  purpose.    The  pouring  basin  is  shaped 

by  hand  on  top  of  the  cope,  and  the  gate  proper  is  cut  along  the  joint 

surface  by  means  of  a  gate  cutter.     In  all  cases  the  gate  section  should 

be  smaller  than  any  other  part  so  that,  when  pouring,  the  runner  and 

basin  may  be  quickly  flooded ;  also  that  the  gate 
when  cold  will  break  off  close  to  the  casting  and 
lessen  the  work  of  cleaning. 

The  object  of  gating  is  to  fill  the  mold  cav- 
ity with  clean  metal — to  fill  it  quickly,  and  while 
filling,  to  create  as  little  disturbance  as  possible 
in  the  metal. 

The  impurities  in  liquid  metal  are  lighter 
than  the  metal  itself,  and  they  always  rise  to  the 
top  when  the  melted  metal  is  at  rest  or  nearly 
Pig.  28.  Gate.  so.     Advantage  is  taken  of  this  important  pnip- 

erty  to  accomplish  the  first  of  the  objects  mentioned. 

Fig.  23  shows  a  good  type  of  gate  to  use  on  light  work.     For 

reasons    given,  the   point  a  should 

have    the    smallest    sectional    area. 

This  section  should  Ije  wider  than  it 

is  deep  as  shown  at  6,  l>ecause  the 

hot   iro'n    necessary  for   light  work 

runs  verv  fluid. 

%• 

The  runner  should  not  be  more 
than  I  to  J  inch  in  diameter.  The 
pouring  basin  should  be  made  deep- 
est at  point  c,  and  slant  upward 
crossing  the  runner.  AMien  pour- 
Lig,  the  stream  from  the  ladle  should 
enter  at  c,  flood  the  basin  at  once, 
and  keep  it  in  this  condition.  The 
current  of  the  metal  will  then  tend 
to  hold  back  the  slag,  allowing  clean  metal  to  flow  down  the 
runner. 


i 
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Fig.  21.  Skimming  Gate. 
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\\Tien  particularly  clean  castings  of  medium  weight  are  required, 
some  form  of  skimming  gate  should  be  used.  Fig.  24  illustrates  one 
of  several  practical  forms.  They  all  depend  for  their  efficiency  upon 
the  principle  cited  above.  In  the  cut,  a  is  the  pouring  basin  and  run- 
ner, fc  is  a  good  sized  riser  placed  about  3  or  4  inches  from  a,  and  c  is  a 
channel  cut  in  the  cope  joint ,  connecting  these  two.  The  gate  d  should 
be  cut  in  the  drag  side  of  the  joint,  just  under  the  riser  but  at  an  angle 
of  90®  or  less  with  c.  The  metal  rushing  down  the  runner  is  checked 
by  the  small  size  of  the  gate  and  so  washes  any  dirt  or  slag  up  into  the 
large  riser  b.  The  level  of  metal  in  this  riser  must  be  sustained  by 
sufficiently  rapid  pouring  until  the  mold  is  filled. 

In  l)ench  work  and  floor  work,  the  greatest  care  must  be  used  to 
have  all  parts  of  the  gate  absolutely  free  from  loose  sand  or  facing 
which  will  wash  into  the  mold  with  the  first  flood  of  metal. 

On  heavy  work  special  skimming  gates  are  not  used,  for  the  capac- 
ity of  the  pouring  basin  is  very  much  greater  than  that  of  the  runners 
which  can  l^e  quickly  flooded  and  thus  retain  the  slag.  Besides  this, 
large  risers  are  set  at  the  sides  or  directly  upon  the  casting,  to  receive 
any  loose  sand  or  facing  that  washes  up  as  the  mold  is  being  filled. 
Fig.  22  illustrates  this  type. 

In  regard  to  filling  the  mold  quickly  and  quietly,  the  two  are 
closely  allied.     The  shape  and  thickness  of  the  casting  are  the  impor- 
tant factors  in  determining  the  number  and  position 
of  the  gates.   Aside  from  the  fact  that  the  gate  should       //P^      ^X 
never  be  heavier  than  the  part  of  the  casting  to  which      [^        ^       \ 
it  attaches,  the  actual  size  of  the  gate  opening  is  some-     Mj  J 

thing  that  the  molder  must  learn  from  experience.  X^^.^^^^ 

In  arranging  gates  with  regard  to  the  shape  of    p 
the  pattern,  the  following  points  should  be  borne  in     LL  i 

mind.  Place  gates  where  the  natural  flow  of  the 
metal  will  tend  to  fill  the  mold  (|uickly.  Usually 
gate  on  lighter  sections  of  casting.  Helect  such 
points  on  the  casting  that  the  gates  may  be  broken 
and  ground  off  with  least  trouble.  The  greater  the 
number  of  castings  to  l>e  banc  lief  I,  the  more  iinpor-  i^^p  25 

tant  this  point  iDCComes.  A  study  of  the  molding 
pn>blems  given  will  illustrate  this  jK)int 

Provide  enough  gates  to  fill  all  parts  of  the  mold  with  metal  of 
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uniform  temperature.  This  depends  upon  the  thickness  of  the  work, 
as  is  illustrated  in  Fig.  25,  hy  two  molds  having  same  shape  at  joints, 
hut  different  thicknesses.  In  tliin  castings  the  metal  tends  to  chill 
quickly,  so  it  must  l>e  well  distributed.  In  the  cut,  a  is  a  plate  ^  indl 
thick,  and  should  have  several  gates.  A  piece  having  the  same  diam- 
eter but  heavier,  would  run  better  from  one  gate,  see  b,  while  if  a  bush- 
ing of  this  diameter  is  required,  the  best  results  would  be  obtained  by 
gating  near  the  bottom,  as  in  Fig.  22.  For  running  work  at  the  bottom 
as  shown  in  Fig.  22,  the  gate  piece  b  is  separate  from  the  runner,  and  is 
picked  into  the  mold  after  the  pattern  is  drawn.  The  runner  r  should 
exletul  below  the  level  of  the  gate  to  receive  the  force  of  the  first  fall 
of  metal,  which  otherwise  would  tend  to  cut  the  sand  of  the  gate. 
SHRINKAGE  HEADS 
Melted  metal  shrinks  as  it  cools,  and  this  prtxess  logins  from  the 
moment  the  mold  is  fiile<l.  The  surfaces  next  to  the  damp  sand  are 
the  first  to  solidify,  an<l  they  draw  to  themselves  the  more  fluid  metal 
from  the  interior.  This  process  goes  on  until  the  whole  casting  has 
solidified.  Thi.s  shrinkage  causes  the  grain  in  the  mid- 
dle to  be  coarse  and  sometimes  even  open  or  porous. 

The  lower  parts  of  a  casting  are  under  the  pressure 
or  weight  of  all  the  metal  al>ove,  an<l  so  resist  these 
shrmkage  strains.  The  top  parts,  however,  rc<|uire  the 
Ml  hiiiK  f  P"  '^'''"'*^  ^^  li(|ui(I  metal  in  gates  or  ri.sers  to  sustain  them 
'■"''"  until  they  have  hanlcneil  sufficiently  to  hold  their  sha[)e, 
iir  they  will  sink  as  indicated  by  the  section,  Fig.  '2Ct.  l{, 
in  (wnnecti<m  with  sei-unng  clean  nietai  are  alsn  re- 
<juired  on  heavy  pieces  to  prevent  this  distortion  ami 
give  sound  motal.  When  used  in  this  way  they  are 
called  shrinkage  heads  or  feeders.  They  shimhl  lie 
(>  or  S  inches  in  diameter,  so  as  to  keoji  the  inin 
liijuid  its  long  as  possible,  iind  should  li:tve  a  neck  2 
or  H  inches  in  diameter,  U>  reduc-c  the  labor  iT<iuin'il 
to  break  them  from  the  casting  in  cleaning.  To  pi-e- 
vent the  nietal  in  this  nwk  from  firc/ing,  an  iron 
feeding  rod  is  inserted,  as  in  I'ig.  27.  and  churned 


•s  mentioned 


slowlv 


up  I 


Tins  iiisun's  fluid  metal  reaching  the  interior. 


As  th<'  level  in  the  feeder  I 
hand  ladle. 


.ers,  IkiI  metal  .should  beaddetl  from  a 
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PRESSURE  IN  MOLDS 

The  siil»je<-t  of  the  pres>!ire  of  lic|uid  iron  mentioDed  repeatedly 
in  the  fun^^ing  page^^.  mu<t  lie  deah  nnth  Ity  the  molder  in  weighting 
his  copes,  strengthening  flasks.  sc;uring  cores,  etc.,  Irtit  most  fretjuently 
l»y  tlie  first  of  these. 

Mohen  iron  acts  in  accordance  with  the  same  natural  laws  that 
govern  a.\\  li<{uid.s — as  for  example,  water  xee  Mechanics.  Part  11^ 
Injii.  however,  is  7.2  time-  Iiea'.ier  than  water.  The  two  laws  ap- 
pliealile  in  foundn^  work  are  these:  LJ(|UhL~  always  seek  tbeir  own 
level:     Pressure  in  li<|Tiiil-  i-  e.^ene-l  in  every  diredion. 

-\pplying  these  law*:     If  -Ae  have  two  column-  of  Ikjuid  imn  con- 
netteil  at  the  liottom.  they  wouLl  j-^-t  talant^  ea*h  other.     For  «>d- 
venience  we  sliall  leave  out  of  wur  calculatioii';  ibe  upwani  pre&^ure 
on  the  gates  in  the  folSf.w- 
ing  exa  m  pie-.    fi>r  in 
practical  work  they  i^ee-l 
sddom   i«  taken   irit<> 
account. 

In  \.  F\^.  •>.  -jp- 
pl^*  ihe^  f^jlumr.-  -ur.-l 
0  inche-  alwve  ihe  _'■  1:.: 
hd.  and  thai  "lurrjr.  ■  ?'. 
has  an  area  (f  I  -;.  ^ 

In  R.  ^^pir^—  ::-  .=>-,=    :       f,     '^ 

the  rii:hi  h^r.i..    :■::-  -      "" 

of  ci.r^mn       /.      I-    ■■••:. 

ca,iei  the  level    t.::':.  :-  -j  ,  ^ •^_^ 

tit  niiiner  i  -x^.'.  -^  -..il:- 

taineil.     The   ■>;::.      f  _ 

the  cavirr  iiei:-^  ::*  '  ■:-:  

hd  j  make^  r^v  ■ii^^r^^y.*'  ^ 

Wek     The  -^Ijr.:    i  .oi-   -.:«■  :-•  ■ 
pressure  oo  ^s^-ux  i^  ce  •.-  Lvr>-   '  j 
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the  larger  area  (2  /  is  closed  over,  as  in  D,  it  takes  five  times  this  weight 
to  resist  the  pressure  exerted  upon  it  by  the  runner,  or  6  inches  X.26 
X  5  sq.  in.  =  7.8  lbs.  If  the  pattern  projected  2  inches  into  the  cope 
the  height  of  the  runner  above  the  surface  acting  against  the  cope 
would  be  but  4  inches,  and  the  pressure  to  be  overcome  would  be  equal 
to  the  weight  otcdgh,  equal  to  4  inches  X  .26  X  5  inches  =5.2  lbs. 

The  important  factors  are,  then,  height  of  runner^  and  area  of  mold 
which  presses  against  the  cope.  We  can  therefore  state  a  rule:  To 
calculate  the  upward  pressure  of 
molten  iron,  multiply  the  depth 
in  inches  by  the  weight  of  one 
cubic  inch  of  iron  (.26)  and  this 
product  by  the  area  in  square 
inches  upon  which  the  pressure 
acts. 

Applying  the  second  law 
cited,  the  strains  on  sides  and 
bottom  of  molds  and  upon  cores 
is  explained. 

By  the  rule  we  first  find  the 
pressure  per  sq.  in.  at  any  given         ^8-  ^'  Pressure  of  Liquids. 

level  by  multiplying  the  depth  by  .26,  and  it  is  obvious  that  this 
pressure  increases  the  lower  in  the  mold  a  point  is  taken. 

In  Fig.  29,  the  pressure  at  a  ecjuals  h  X  .26.  This  also  acts 
a^inst  the  sides  at  e  e.  The  pressure  at  h  is  A'  X  .26,  and  is  exerted 
sidewise  and  downward.  The  pressure  at  c  is  A"  X  *26.  This  point 
l)eing  half  way  between  levels  a  and  fc,  represents  the  average  sidewise 
or  lateral  pressure  on  all  of  the  sides. 

If  this  mold  then  is  11  inches  square,  and  9  inches  deep,  with  the 
pouring  basin  6  inches  above  the  joint,  we  have 

Area  of  a,  121  sq.  in. 

Area  of  b,  121  sq.  in. 

Area  of  c,  (one  side),  99  sq.  in. 

Area  of  four  sides,  396  sq.  in. 

Height  oth    =>    6  in.    =  1.56  lbs.  per  sq.  in.  in  pressure. 

Height  of  A'  =  15    in.   =  3.90 

Height  of  A'^  =  lOJin.  -  2.73 
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188.76 

270.27 

1081.08 

471.90 


Multiplying  these  together,  we  have 

Upward  pressure  on  a 

Total  pressure  on  side  c 

Total  pressure  on  four  sides 

Total  downward  pressure  on  b 

A  study  of  these  figures  shows  the  necessity  of  well  made  flasks 
and  bottom  lx)ards,  for  these  must  resist  a  greater  pressure  even  than 
that  requiretl  to  keep  the  cope  from  lifting.  They  also  show  clearly 
why  the  lower  parts  of  the  casting  will  resist  the  pressure  of  the  gases 
more  and  recjuire  firmer  ramming  than  the  upper  portions. 
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Fig.  30.    Pressure  of  Liquids. 

A  difference  in  the  way  a  pattern  is  molded  may  make  a  great 
difference  in  the  weight  required  on  the  cope.  Compare  A  and  IJ, 
Fig.  30.     Suppose  this  pattern  is  cylindrical  in  shape,  we  would  have 

Area  of  cin»le  a  (from  table), — 113.10 

Area  of  circle /W    "        *'    )—  THJA 

Area  of  ringr'  r\  ec}ual  to  b  subtracted  fn>m  a,  or  34..V). 
Then : 

Total  lift  on  coj>e  A  is  8  X  .2()  X  1 13.10  -  235.24  Ib.s. 

The  lift  on  c-ope  B  is  8  X  .26  X  34.5(i     ^    71  .SS  lbs. 
and  (8  -f  5)  X  .20  X  78.54  -  2fM.4() 


making  a  total  of ^^37.34  n>s.  on  B. 

Fig.  31  is  an  example  of  a  core  5  inches  .s(|uare  .surroundetl  by 
1  inch  of  metal,  with  a  runner  0  inches  high;  we  have  here, 

Pres.sure  per  .square  inch  on  a  is    7  X  .20  or  1.S2  Uks. 

**      '*    t  *M2X  .20  or  .3.1 2  ** 

The  difference  in  these  pres.sures  i.s  1.30  lbs.  per  si\,  in.     Then  for 
e>*erj'  foot  of  length  in  the  core  we  mu.st  balance  a  lifting  pressure  on 
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the  bottom  of  the  core  of  5  inches  X  12  inches  X  3.12,  or  187.2  lbs. 
until  the  metal  covers  surface  a,  when  it  will  exert  a  counteracting 

downward  pressure,  and  the  strain  on 
the  chaplets  will  be  only  60  X  1.30  lbs., 
or  78  lbs. 

Some  of  the  ordinan'  defects 
which  the  beginner  will  find  on  his 
castings  are  as  follows^: 

Poured  Short:  The  amount  of 
metal  in  the  ladle  is  misjudged  with 
the  result  that  the  mold  is  not  com- 
pletely filled. 

Blow  holes  come  from  gases  be- 
coming pocketed  in  the  metal  instead 
Fig.  31.  Pressure  of  Liquids.        of  passing  oflF  through  the  sand.     This 

is  due  to  hard  ramming,  wet  sand,  etc. 

Cold  Shuts  form  when  two  streams  of  metal  chill  so  much  before 
they  meet,  that  their  surfaces  will  not  fuse  when  forced  against  each 
other;  see  Fig.  32. 

Sand  Holes  come  from  loose  sand  or  excess  of  facing  washing  into 
the  mold  cavity  when  pouring.    They  are  usually 

f 

bedded  in  the  cope  side  of  casting. 

Scabs  show  like  small  warts  or  projections  on    ^  *"  ^'    ^  '^^"^  -^imts. 
the  surface  of  the  casting.     They  result  from   small   patches  of  the 
mold  face  washing  off.     They  may  be  caused  from  too  much  slicking, 
which  draws  the  moisture  to  the  surface  of  the  mold,  making  the  skin 
tlake  under  the  drying  effect  of  the  incoming  metal. 

Swells  are  bulged  places  on  a  casting  due  to  soft  ranmiing.  This 
saves  the  walls  of  the  mold  too  soft  to  withstand  the  pressure  of  the 
l(|uid  metal. 

Shrinkage  Cracks  are  due  to  unecjual  cooling  in  the  casting. 
They  are  sometimes  caused  by  the  mold  l)eing  so  finn  that  it  resists 
the  natural  shrinkage  of  the  iron,  causing  the  metal  to  pull  apart  when 
only  partially  cold. 

Warping  occurs  when  these  strains  cause  the  casting  to  l)en(l  or 
twist,  l)ut  are  not  sufficient  to  actually  crack  the  metal. 

TYPICAL  MOLDING  PROBLEMS 

When  starting  to  ram  up  a  flask  see  that  the  sands  to  be  used  are 
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well  cut  through  and  properly  tempered.  Select  a  flask  large  enough 
to  hold  the  pattern  and  haVe  at  least  2  inches  clear  of  the  flask  all 
around  for  bench  work,  and  4  to  8  inches  on  floor  molds,  depending 
upon  the  w^eight  of  the  work  to  be  cast.  See  that  the  flask  is  strong 
enough  to  carry  the  sand  without  racking  and  that  the  pins  fit.  Have 
the  necessary  tools  at  hand,  such  as  sieve,  rammer,  slicks,  etc. 

Examine  the  pattern  to  be  molded  to  see  how  it  is  drafted  and  note 
cs|)ecially  how  the  parting  line  runs.  That  part  of  the  mold  forming 
the  surface  between  the  parts  of  the  flask  is  called  the  joint  and  where 
it  touches  the  pattern  this  joint  must  be  made  to  correspond  with  the 
parting  line. 

The  joint  of  a  mold  will  be  a  plane  or  flat  surface,  or  it  will  be  an 
irregular  one.  \Mien  the  joint  is  a  flat  surface  it  is  formed  entirely 
by  the  mold  boanl  except  with  work  bedded  in  the  floor;  there  it  is 
struck  off  level  with  a  straight  edge.  ^Vhen  it  is  irregular  the  drag 
joint  must  l)e  "coped  out"  for  every  mold  needed;  that  is,  shaped  free 
hand  by  the  moider  before  making  up  the  cope;  or  the  shape  of  the 
cope  joint  is  built  up  first  in  a  "match"  frame  with  the  cope  part  of  the 
pattern  bedded  into  it.  Upon  this  form  the  drag  may  he  packed 
repeatedly,  receiving  each  time  the  desired  joint  surface  without  fur- 
ther work  on  the  moider 's  part. 

Our  first  problems  in  molding  will  illustrate  these  three  methods 
of  making  the  joint. 

It  is  aimed  to  give  the  directions  for  making  up  molds  in  as  concise 
a  form  as  possible.  The  student  should  refer  frequently  to  the  pre- 
ceding sections  and  familiarize  himself  with  the  reasons  underlying 
each  operation. 

To  make  a  mold  having  a  flat  joint.  In  the  small  face  plate  shown 
in  Fig.  33,  all  of  the  parting  line  a  a  a  will  touch 
the  mold  lx)ard,  so  the  joint  will  be  flat.  The 
draft  is  all  in  one  direction  from  the  cope  side  c, 
therefore  all  of  the  pattern  will  be  in  the  drag. 
Use  a  snap  flask  for  this  piece. 

Place  a  srar)oth  mold  board  upon  the  Ijench 
or  brackets,     rlace  drag  with  sockets  down  upon 
this.     Set  pattern  a  little  to  one  side  of  the  center  to  allow  for  run- 
ner.     Sift  sand  over  this  about  1\  inches  deep.     'I'uck  sand  (innly 
around  the  pattern  and  edges  of  flask  as  indicated  by  arrows,  Fig.  'M, 
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using  fingers  of  both  hands  and  being  careful  not  to  shift  sand  away 
from  pattern  at  one  point  when  tucking  at  another. 

Fill  the  drag  level  full  with  well  cut  sand.  •  With  the  peen  end  of 
the  rammer  slanted  in  the  direction  of  the  blows  ram  first  around  the 
sides  of  the  flask  to  ensure  the  sand  hanging  in  well,  see  Fig.  35,  1-2. 
Next  carefully  direct  the  rammer  around  the  pattern,  3-4-5.  Do  not 
strike  closer  than  1  inch  to  the  pattern  with  the  end  of  the  rammer. 

Shifting  the  rammer  to  a  vertical  position,  ram  back  and  forth 
across  the  flask  in  both  directions,  being  especially  careful  not  to  strike 


Uy/rfy  Fingers     • 


Fig.  84.    BfiaklBg  a  Mold.  Fig.  85.    Making  a  Mold. 

the  pattern  nor  to  ram  too  hard  immediately  over  it.  The  student 
must  judge  by  feeling  when  this  course  is  properly  rammed.  Now 
fill  drag  heaping  full  of  sand.  Use  the  butt  end  of  rammer  around 
edges  of  flask  first,  then  work  in  toward  the  middle  until  the  sand  is 
packed  smooth  over  the  top.  With  a  straight-edge  strike  off  surplus 
sand  to  a  level  with  the  bottom  of  flask.  Take  a  handful  of  sand  and 
throw  an  even  layer  about  }  inch  deep  over  bottom  of  mold.  On  to 
this  loose  sand  press  the  bottom  board,  rubbiHg  it  slightly  back  and 
forth  to  make  it  set  well.  With  a  hand  at  each  end,  grip  the  Ixmnl 
firmly  to  the  drag  and  roll  it  over.  Remove  the  mold  l)oard  and  slick 
over  the  joint  surface  with  the  trowel.  Dust  parting  sand  over  this 
joint  (burnt  core  sand  is  good  on  this  work),  but  blow  it  carefully  off  of 
the  exposed  part  of  the  pattern.  Set  the  wooden  ninner  or  gate  plug 
about  2  inches  from  the  pattern,  as  shown  in  Fig.  23. 

In  snap  work  the  runner  should  come  as  near  the  middle  as  pos- 
sible, to  lessen  the  danger  of  breaking  the  sides,  and  to  allow  the  weight 
to  be  placed  square  on  top  of  the  mold. 

Set  the  cope  on  the  drag  and  see  that  the  hinges  come  at  the 
same  comer. 

Sift  on  a  layer  cf  sand  about  \\  inches  deep.  Tuck  finnly  with 
the  fingers  about  the  lower  end  of  the  runner  and  around  the  edges  of 
the  flask.  Fill  the  cope  and  proceed  with  the  ramming  the  same  as 
for  the  drag. 
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Strike  off  the  surplus  sand,  swinging  the  striking  stick  around  the 
lunner  so  as  to  leave  a  fair  flat  surface  of  sand.  Drive  the  vent  wire 
into  the  cope  sand,  making  it  strike  the  pattern  a  dozen  times  or  more. 
Partially  shape  a  pouring  basin,  illustrated  in  Fig.  23,  w^ith  a  gate 
cutter,  before  removing  the  runner.  Draw  the  runner  and  finish  the 
basin  with  a  gate  cutter  and  smooth  it  up  with  the  fingers.  Moisten 
the  edges  with  a  swab  and  blow  it  out  clean  with  the  bellows. 

Lift  the  cope  and  repair  any  imperfections  on  the  mold  surface 
with  trowel  or  slicks.  See  that  the  sand  is  firm  around  the  lower  end 
of  the  nmner.  Blow  through  the  runner  and  all  over  the  joint  to 
remove  all  loose  parting  sand.  Slick  over  the  sand  which  will  form 
the  top  surface  of  the  gate,  between  the  runner  and  the  mold. 

Having  finished  the  cope,  moisten  the  sand  alK)ut  the  edges  of  the 
pattern  with  a  swab.  Drive  a  draw  spike  into  the  center  of  the  pattern 
and  with  a  mallet  or  light  iron  ro<I,  rap  the  draw  spike  slightly  front  and 
back  and  crosswise.  Continuing  a  gentle  tapping  of  the  spike,  pull 
the  pattern  from  the  sand.     If  any  slight  break  occurs,  repair  it  with 


Fig.  30.    Vac  of  Iron  IJand.  Fig.  37.    Weight  in  Position. 

l)ench  lifter  or  other  convenient  slick.  Cut  the  gate  and  smooth  it  down 
gently  with  the  finger;  blow  the  mold  out  clean  with  bellows.  Dust 
on  graphite  facing  if  castings  are  to  be  cleaned  in  rattler.  No  facing  is 
needed  if  they  are  to  l>e  picketed.  The  mold  should  now  be  closerl 
and  the  snap  flask  remove<l. 

There  are  two  methods  used  to  strengthen  these  molds  against 
the  casting  pressure.  One  is  to  use  an  mm  band  which  will  just  slip 
inside  of  the  flask  l)efore  the  mold  is  packed.  See  Fig.  3G.  The  other 
is  to  slide  a  wooden  "slip  case"  over  the  mold  after  the  snap  flask  is 
removed.  See  Fig.  37.  In  either  case  the  weight,  shown  in  position  in 
Fig.  37,  should  not  be  place<l  on  the  mold  until  pouring  time,  lest  by 
its  continued  pressure  it  might  crush  the  sand. 
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A  vuM  requiring  to  he  coped  out.  The  second  type  of  joint  surface 
mentioned  above  is  illustrated  by  the  metho<I  of  molding  the  tail  stock 
clamp  shown  in  Fig.  38.  This  is  a  solid  pattern  and  rests  finnly  upon 
„  _  _         the  mold  board  on  the  edges  a  a,  but 

the   parting   line  h  h  h  nuis   below 
these  edges.    The  bulk  of  the  pat- 
tern drafts  down  from   this  line,  so 
will  l»e  molded  in  the  drag  while  all 
above  it  will  t>e  shaped  in  the  cope. 
To  mold  the  piece,  set  the  pattern  on  the  mold  board  planning  to 
gate  into  one  end.     Ram  the  drag  and  roll  it  over  as  <le.scribe<l  in  the 
last  example.     With  the  blade  of  the  trowel  turned  up  edgewise,  scrape 


Pig.  38,    Till  Stock  Join 


away  the  sand  to  the  ilepth  of  llic  partiiij;  line,  bringing  the  bevel  up  to 
the  main  level  of  the  joint,  about  '1\  inches  fnnii  the  pattern,  as  .sliown 
at  Fig.  ;J9.  Slick  this  surface  sinoiilh  with  the  finishing  tn>wel  or  leaf 
and  .spoon.  This  pnicess  is  calletl  coping  out.  Dust  parliny  .sand 
on  the  joint  thus  made.  Be  careful  imi  to 
get  too  much  at  the  bottom  of  the  coping 
next  the  pattern.  Pack  cii]K'.  then  lift 
same,  and  finish  mold  as  directed. 

In  coping  out,  the  mnlder  practically 
shapes  draft   on   die  Siunl   of   Ihc  drag. 
Aim   to  have   die   lower  i-dgc   of   the 
coping  pandlel  with  main  joint  for  a  .short 
distance,  and  then  spring  griidiially  up  tu  '''-  '"    Ancie  nr  j,.im, 

it  at  alxmt  the  angle  shown  in  the  seciinn,  Fig.  40,  al  c,  a.s  this  is  the 
strongest  sliajx"  fur  the  sand. 

If  made  with  an  abrupt  angle  as  in  (/,  the  cope  s.ind  will  tend  to 
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wedge  into  the  cut  with  the  danger  of  a  "drop"  or  break  when  the  cope 
b  lifted. 

In  many  case^,  more  especially  in  floor  work,  an  abrupt  coping 
angle  may  \>e  avoided  as  follows:    Set  wooden  strips,  whose  thickness 
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is  equal  to  the  depth  of  the  desired  coping,  under  the  edges  of  the  drag 
when  ramniing  up  the  pattern.  (Use,  for  example,  the  hand  wheel 
shown  in  Pattern  Making,  page  58).  When  the  drag  is  rolled  over 
the  sand  will  be  level  with  the  top  of  strips  and  pattern  at  a  a,  Fig.  41. 
Remove  the  strips  and  strike  surplus  sand 
off  level  with  edges  of  drag,  b  b,  and  slick  -f  ■, 

off  the  joint.     Proceed  with  the  cope  in  the  .■4l  -J 

usual  manner.    In  gating  this  pattern,  and         *|'  tc^ — r""~"7-~-iy 
wheels  generally,  plac*  a  small  runner  di-  "^ 

rectly  on  the  hub. 

XJsinfj  a  Hand  match.   The  solid  bush- 
ing. Fig.  42,  will  ser\e  to  illustrate  the  use  of  a  sand   match, 
exercise  work  use  only  one  pattern. 

In  practice,  however,  several  small  patterns  are  tiedded  into  the 
same  match.     It  is  clear  that  in  this  pattern  the  parting  line  runs  along 


Fig   <£■    Solid  Busblnc 


For 


the  center  of  the  cylinder,  and  to  make  a  safe  lift  for  the  cope  it  should 
follow  around  the  circumference  of  the  ends  from  u  to  e,  uj  .shown  by 
the  heavy  lines. 
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The  frame  for  the  match  is  shallow,  and  of  the  same  size  as  the 
snap  flask  with  which  it  is  used.  It  is  provided  with  sockets  to  engage 
the  pins  of  the  flask.    The  lK)ttom  boanl  is  fastened  on  with  screws. 

Fill  the  match  with  sifted  sand  rammed  hard.  Strike  off  a  flat 
joint  and  bed  in  the  pattern.  Cope  out  the  ends  to  the  lower  edge  of 
the  pattern,  as  shown  in  Fig.  43,  flaring  it  well  in  order  to  make  a  good 
lift.  Slick  the  whole  surface  over  smooth.  Rap  and  lift  the  pattern 
to  test  the  correctness  of  the  work. 

Replace  the  pattern.  Dust  on  parting  sand  and  ram  drag,  tuck- 
ing carefully  in  the  pocket  at  each  end.  Roll  the  two  over.  Lift  off 
the  match,  and  set  it  to  one  side.  The  pattern  will  remain  in  the  drag. 
Dust  on  parting  sand.  Set  the  runner  and  ram  cope  as  descril^ed. 
When  the  mold  is  opened  and  the  pattern  drawn,  it  should  be  set  back 
immediately  into  the  match,  ready  for  use  again. 

On  account  of  economy  of  construction  in  the  pattern  shop,  ir- 
regular shaped  work  is  often  made  in  one  piece.  The  molder  must 
then  decide  whether  it  is  cheaper  to  cope,  out  each  joint  or  make  up  a 
sand  match.  W^here  the  number  of  castings  required  is  small,  or 
where  the  pattern  is  large,  it  is  better  to  cope  out.  But  where  a 
number  of  castings  is  recjuired  it  is  cheaper  to  make  up  a  sand  match. 

For  methods  of  making  quantities  of  ca.stings  and  use  of  a  more 
pennanent  match,  sec  section  on  Duplicating  Castings. 

In  the  foregoing  the  main  use  of  the  match  was  to  save  time.  It 
frecjuently  happens  that  a  pattern  is  so  irregular  in  shape  that  it  will 
not  lie  flat  on  the  board  in  any  position.  In  this  case  a  match  is  abso- 
lutely necessary  before  the  drag  can  ()e  packed.  For  large  patterns 
of  this  kind,  the  cope  box  of  the  flask  is  used  to  bed  the  pattern  into 
instead  of  a  separate  frame.  After  the  drag  has  been  packed  upon  it 
this  first  cope  is  dumped,  and  the  1k)X  repacked  with  the  necessary 
gaggers,  vents,  runners,  etc.,  required  for  casting.  The  first  cope  is 
then  termed,  not  a  match,  l)ut  a  false  cope. 

For  very  light  wooden  patterns  which  may  or  may  not  have  ir- 
regular parting  lines,  the  pattern  maker  builds  up  wooden  fonns  to 
support  the  thin  wood  wliile  the  drag  is  being  packed  and  to  give  the 
proper  joint  surface  to  the  sand.  This  board  ser\*es  exactly  the  same 
purpose  as  tlie  sand  match  and  false  cope,  but  it  is  termed  a  follow 
board.     See  Pattern  Making,  page  137. 

So  far  the  patterns  used  have  been  made  in  one  piece,  but  a  flat 
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jciint  is  the  mast  economical  for  the  molder,  when  many  castings  are 
retjiiire^l.  (icnerally  such  pieces  as  bushings,  pipe  connections  and 
symmetrical  machine  parts  are  made  in  halves;  one  piece  of  the  pattern 
remaining  in  each  part  of  the  flask  when  the  mold  is  separated.  There 
lire  many  cases,  too,  wliere,  to  make  a  flat  joint  for  the  mold,  the  pat- 
leni  maker  can  separate  one  or  more  projections  so  as  to  have  the 
main  part  of  the  pattern  in  the  drag  and  let  these  loose  parts  lift  off  in 
the  cope. 

The  small  punch  frame  ami  the  gas  engine  piston,  shown  in  Fig, 
44,  are  examples  (if  those  two  classes  of  patterns.  At  A,  the  section 
ilinnif^h  Ihc  patterns  shows  the  methods  of  mitthinp  them  together 


Vig.  44.  S]illt  and  liOose-Plece  Patterns. 
B  shows  the  ilrag  parts  of  the  patterns  ui  position  for  molding  \t 
C.  is  the  section  tlirougli  the  mold  and  the  plan  of  the  drag  showing 
how  the  gates  are  connecteii.  Attention  i'>  directed  to  the  use  of  the 
liom  sprue — the  sprue  pattern  is  shown  at  a — lij  which  the  metal 
enters  the  mold  at  the  iMtftom,  If  the  gate  were  cut  at  the  joint  surface 
tliere  would  be  danger  of  "cutting  the  sand"  on  top  of  the  green  sand 
core  h  as  the  irietal  flowed  in  upon  it. 

Some  work  has  projections  on  it  which  He  above  or  below  the 
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parting  line  in  such  a  way  that  it  cannot  be  molded  by  dther  of  the 
foregoing  methods. 

Examining  the  patterns  for  some  of  this  work  we  find  two  entire 
parting  lines  with  the  pattern  made  to  separate  between  the  two. 
Such  patterns  require  between  the  drag  and  cope  an  intermediate 
body  of  sand,  from  the  top  and  bottom  of  which  the  two  parts  of  the 
pattern  may  be  drawn. 

In  small  work,  as  illustrated  by  the  groove  pulley,  this  inter- 
mediate form  is  held  in  place  by  the  sand  joint  of  the  tope  and  draj;, 
and  is  termed  a  gre^m  sand  core.     A  good  description  of  the  method  of 
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molding  such  a  piece  is  given  iii  Pattern  Making  Part  I,  page  00.  To 
provide  for  pouring  the  casting  a  runner  should  i>c  placed  on  the  hub 
of  the  first  part  packed,  C.  Fig.  4o  shows  a  section  of  tlie  niolcl  l)cf<>rc 
either  part  of  the  pattern  has  l>een  removed.  Xow,  when  the  fia.sk  is 
roHeil  over  to  remove  the  final  part  C  of  the  pattern,  the  rimner  is  on 
top  ready  for  pouring. 

Anotlier  methiKi  useil  docs  away  with  rolling  the  entire  fliisk.  A 
core  lifting  ring  i.s  first  cast  slightly  larger 
in  diameter  than  the  flange  of  the  sheave, 
and  having  a  section  shown  in  a,  Fig.  4(J, 
The  ring  is  set  tn  position  in  the  niiddlt- 
of  the  inverted  drag,  the  pattern  is  liclil 
ceiitrnl  Inside  of  the  ring  by  the  recess  in 
the  mold  Iwanl.  Pac'k  the  drag,  roll  over, 
and  remove  the  mold  Imard.  Tuck  the 
green  core  all  around  and  slick  off  the  lop  joint  of  the  core.  Pack  the 
coj)e  in  Ihe  usual  way,  lift  it  off,  and  draw  the  cope  pattern.  Now,  by 
means  of  lugs  cast  on  this  lifting  ring,  the  green  core  may  be  lifted  off 
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of  tlic  drag  pattern,  allowing  it  to  be  removed.     Replace  the  ring, 

dose  tlie  cope,  and  the  mold  is  complete.     See  half-section,  Fig.  47, 

In  larger  work,  where  the  parting  planes  are  farther  apart,  this 


Fig.  48. 

inlerme<liate  body  of  sand  is  carried  in  a  "cheek"  part  to  the  flask, 
and  we  speak  of  it  a-s  three-part  work. 

Fig.  4S  .shows  a  casting  for  a  10-inch  nozzle,  the  mold  for  which 
illu.^tratos  this  cla.ss  of  work  Here  the  pattern  is  separated  just  abwe 
the  fillet  of  the  cune<l  Haiige. 


rig.  4S  gives  a  view  of  the 
mold,  showing  the  way  the 
joint  is  formed. 

This  ca.sting  should  be 
made  on  the  flour.  Select 
a  s(|nare  flii.sk  4  inches  on  a 
mle,  larger  than  the  diame- 
tpr  of  the  flanges.  The 
cheek  should  be  as  high  as 
that  part  of  the  pattern 
which  is  molde<l  in  it. 
There  .should  be  two  pro- 
jecting bars  on  opposite  sides  ' 
of  the  cheek  to  support  the 
.■uind,  and  cros.sbars  in  Iwth  drag  ai 
with  clay  wa-sh  I»efore  using  the  Ih 

Set  the  pattern  cenlraliy  inside  the  cheek,  and  place  a  runner 
stick  ju.st  the  height  of  the"  pattern  in  one  corner  of  this  Iki.v. 

On  account  of  the  depth  of  the  cheek  the  sand  must  be  rammed 
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cope.    TJiese  should  Ite  well  wet 


FOUNDRY  WORK 


Fig.  50. 


in  two  courses.  Sift  enough  facing  sand  into  tlie  l>ox  to  cover  the 
joint  and  5  inches  up  around  the  pattern  to  a  depth  of  about  1 }  inches, 
tucking  about  the  pattern  with  the  fingers.  Fill  in  about  5  indies  of 
loose  sand  and  before  ramming  tuck  around  the  ends  of  the  side  bars, 
compressing  the  sand  between  the  finger  tips,  having  a  hand  on  each 
side  of  the  bar,  as  illustrated  in  Fig.  50.  Now  use  the  peen  end  of  the 
floor  rammer  in  the  same  general  way  as  the  hand  rammer  is  used  in 
bench  molding.  Guide  the  rammer  around  the 
sides  of  flask  and  bars  first,  then  direct  it  to- 
ward the  bottom  edges  of  pattern.  As  the 
sand  gradually  feels  pn>perly  packtHl  at  this 
level,  direct  the  blows  higher  and  Iiiglicr  up. 
Proceed  in  thi.s  way  to  within  alxnit  1  inch  of 
the  drag  joint.  Make  this  joint  by  nunming 
in  sifted  facing  sand,  being  careful  to  tuck  it 
firmly  underneath  the  flange.  Cope  this  joint 
to  the  shape  of  the  cur^■e<l  flange. 
Dust  on  parting  sand.  Place  the  drag  in  position  and  ram  it  up 
in  the  usual  way,  only  using  facing  .sanil  next  the  joint  and  ])uttem. 
Place  six  long  gaggers  to  strengthen  the  sand  which  form-s  the  inside 
of  the  casting.  Clamp  drag  to  theek  and  roll  them  over.  Test,  re- 
pair and  sand  the  joint.  Tn,-  tlie 
ro|>e.  The  bars  .should  clear  the 
pattern  and  joint  by  al>out  1  inch. 
Het  the  «)(>«■  runner  about  2  inchi's 
to  one  siile  of  the  cheek  runner  and 
set  the  riser  in  the  fomer  opposite. 
^ift  on  facing  sand  and  tuck  well 
with  the  fingers  iinder  the  crossbars. 
Sliovel  in  well-tut  sand  and  finish 
packing  the  cope.  Form  a  pouring 
basin,  and  vent  well.  Lift  the  co]>e. 
Driiw  the  pattern  from  the  cheek. 
Join  the  runners  on  the  cope  joint 
and  connect  the  mold  with  the  ri.ser. 
Lift  the  dieek  and  repair  it.  Dniw  the  drag  pattern.  All  of  the 
mold  .surfaces  .should  have  black  lead  facing  brushed  over  them 
with  a  camel's  hair  brush,  and  this  facing  slicked  over  with  convenient 
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tools.     Cut  a  gate  on  the  drag  joint.     Close  the  cheek  on  the  drag 
Gose  the  cope  on  the  cheek  and  the  mold  is  ready  for  clamping. 

It  often  happens  that  Iwsses  or  projections  are  required  on  a 
casting  at  right  an^es  to  the  main  <lraft  lines  of  the  pattern  and  below 
the  joint  surface.     K\amples  of  such  cases  are  shown  in  Pattern  Mak- 
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ways  bedde<l  in  the  floor.  This  method  is  still  much  used  in  jobbing 
shops  to  avoid  making  a  complete  large  flask. 

The  mold  shown  in  Fig.  52  will  illustrate  the  principal  operations 
involvwl.  The  casting  is  a  flask  section  for  a  special  steel  ingot  mold, 
and  in  design  is  simply  a  heavy  plate  braced  on  one  side  by  flanges 
and  ribs  of  equal  thickness. 

For  convenience  in  ramming  between  the  flanges,  portions  of  the 
top  plate  of  the  pattern  are  left  loose.     See  Fig.  53. 

Dig  the  pit  for  the  mold  10  inches  larger  on  each  side  than  the 

^^         „.  ,  pattern,   Lid   about   6 

These  Pieces  Loose  .     ,  .  ■,,     . 

/  I  \ Indies    tieeper.     Ilarmg 

~~"  "''  screened  some  hard  cin- 

ders through  a  Xo.  2 
riddle,  cover  the  bottom 
of  the  pit  with  them  to  a 
depth  of  3  inches.  Ram 
these  over  with  a  butt 
rammer,  and  at  one  end  set  a  piece  of  large  gas  pipe  Put  a  piece  of 
waste  in  the  top  of  tliis  to  prevent  its  getting  choked  with  sand.  Ram 
a  3-inch  course  of  sand  over  the  cinder  l»ed  and  strike  it  off  level  at  the 
depth  of  the  pattern  from  the  floor  line.  Sift  facing  sand  over  this 
where  the  pattern  will  re.st.  Set  the  pattern,  and  with  a  sledge,  seat 
it  on  this  }>ed  until  it  rests  level.  Remove  ihe  [Mitteni  and  with  the 
finger.'!  test  tlie  Hminess  of  packing  all  over  its  iiiiprt'.s.sion. 

Vent  these  fates  through  to  the  cinder  lieil,  an<l  cover  the  vent 
holes  with  a  '.-inch  course  of  fii-  1-1,0,, «^-,.  <t-/^i- 

cing  sand.  Now  replace  the  pat- 
tern, and  l>ed  it  home  by  a  few 
more  blows  of  the  ,sleilgi\  Tlie 
top  of  the  pattern  should  n<)w  lie 
level  and  flush  with  the  floor  line. 
Scut  tlie  mnner  stick.s,  and  to 
prevent  the  sand  on  the  lH>ttoni 
of  the  rumiers  from  cutting,  drive 
10-pcniiy  nails  al>out  J  inch  apart 
into  this  surface  until  the  heads 
are  flush.  Ram  the  outtidc  of  the  mold  the  same  jus  if  in  a  flask,  and 
strike  a  joint  on  top.     Ram  green  sanii  Ix-tween  the  inside  webs  of  pat- 
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tern,  and  strike  off  at  the  proper  height  with  a  short  stick  a,  Kg.  54. 
Drive  long  rods  3  inches  apart  into  these  piers  to  pass  through  to  solid 
sand  below  the  cinder  bed. 

Vent  all  around  the  pattern,  outside  and  inside,  through  to  the  cin- 
der bed.  On  top  of  the  inside  piers  cover  these  vent  holes  with  facing 
san<l,  ram  and  slick  to  finish;  then  c*over  with  the  loose  pieces  of  the 
pattern. 

Try  the  cope  ana  stake  it  in  place;  set  the  risers  ano  vent  the  plugs. 
Ram  the  cope,  slicking  off  level  for  al>out  2  iiurhes  amund  the  top  of 
the  risers,  to  receive  a  small  iron  cover. 

Lift  the  cope,  repair,  and  face  with  graphite.  Draw  the  pattern 
with  the  crane  and  finish  the  mold.  Connect  the  outer  vent  holes  by  a 
channel  with  the  vent  plug.  From  the  end  of  each  core  print  aaaa 
vent  through  to  the  cinder  bed  and  set  cores.  ( 'lose  the  (•oi>e.  Set  the 
runner  box  against  the  side  of  the  cope  and  build  a  pourinj^  basin  with 
its  bottom  level  with  the  top  of  the  risers. 

In  weighting,  great  care  must  lie  exercised  not  to  strain  the  coik*. 


'  y 
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Place  bkxrking  ujxjn  the  top  e:A-  *A  '^    :>-- 
which  will  Ije  stiiT  erio::;:h  \j  -    :  v  r  *   * 
these.     Now  we*lge  uiid*r  v.j:  ry--::.    •  .    ;•:     ." 
necessarj-  points. 
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There  is  a  lai^  class  of  foundry  riggings  such  as  loam  plates, 
crossbars  and  sides  to  iron  flasks,  which  may  be  cast  in  open  molds. 
As  there  is  no  "head  of  metal"  the  beds  must  be  rammed  only  hard 
enough  to  support  the  actual  weight  of  the  metal,  or  it  will  "boil." 
To  insure  uniform  thickness  in  the  casting,  the  bed  must  be  absolutely 
level. 

Drive  four  stakes,  a  a  a  a,  and  rest  the  guide  boanls  A  A  on  the 
top  of  these,  as  shown  in  Fig,  .W.  By  using  a  spirii  level  b  b,  make 
these  level  and  bring  them  to  the  same  height  by  testing  with  the 
straight  edge  B, 

The  space  between  the  guide  boards  A  A  sliould  be  filled  with 
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well-cut  sand  even  with  their  tups  d  d.  Sift  suiid  over  the  entire  sur- 
face, t^trike  this  mmtl  riff  ^  inch  higher  tliaii  the  guides,  by  placing 
a  gaggcr  iimler  each  end  of  the  straight  edge,  as  it  i^  dr.iwn  over  them. 
Tamp  this  extrsi  sand  to  a  level  with  the  guides  by  rapping  it  down 
with  the  edge  of  the  cross  straight  edgi',  and  the  lied  will  Iw  Jis  shown 
in  Fig.  .'JO,  We  can  nuw  pnx-eed  to  build  up  to  a  «'gment  of  pattern, 
or  with  a  .iledge  drive  a  pattern  into  this  siirfjwe. 

The  jK>uring  busin  shoulil  drain  itself  at  the  level  of  the  top  of 
mold,  and  an  overflow  may  Ix-  eut  on  one  edge  to  drain  the  casting  to 
any  desired  thickness. 

CORE  MAKING 

liefen-iicre  has  l)oen  maile  in  the  lirst  part  of  this  I)ook  to  the 
general    difference    between   core  making    and    green   siind    work. 
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Phis,  and  the  section  on  sands,  the  leader  should  review  carefully. 

Here,  as  in  green  sand  molding,  the  principal  material  used  is  a 
refractory  sand.  In  molding  sand,  however,  the  alumina  or  clay  forms 
a  natural  bond  in  the  sand.  To  meet  the  necessary  requirements  of 
cores  we  must  use  a  naturally  free  sand  as  a  base,  and  give  it  bond  by 
ailding  some  form  of  organic  matter  as  a  binder  and  then  bake  the  core. 

The  most  common  binders  are  as  follows: 

Flour :  Ordinary  wheat  flour  is  an  almost  universal  material  for 
this  purpose.  Every  one  is  familiar  with  the  action  of  this  material 
when  moistened  and  baked. 

Rosin  is  a  hard  vegetable  gum — a  by-product  of  the  manufacture 
of  turpentine.  For  use  as  a  core  binder  it  should  l>e  reduced  to  a 
powder.  It  melts  under  the  heat  of  the  oven  and  flows  between  the 
grains  of  sand  and  upon  cooling  binds  them  firmly  together. 

Linseed  Oil  is  made  from  flax  seed.  It  acts  in  a  wav  similar  to 
rosin;  a  small  proportion  of  oil  together  with  some  flour  makes  a  verj' 
strong  core. 

Glue,  obtained  from  animal  hoofs,  and  from  fish  stock,  is  also 
used  to  some  extent  as  a  core  binder.  It  should  be  dissolved  in  water 
before  mixing  with  the  sand. 

A  weak  molasses  water  is  used  for  tempering  the  sand  for  small 
cores,  and  clay  wash  series  the  same  purpose  on  the  larger  work. 

There  are  many  patent  combinations  of  the  above  or  similar 
materials  put  on  the  market  as  core  comixmnds.  There  are  two 
classes  of  these:  dr\^  and  licjuid  compounds.  The  advantages  claimed 
for  them  is  that  they  are  more  economical,  (1)  because  a  smaller  pro- 
portion of  the  compounds  is  sufficient  to  obtain  the  desired  results; 
(2)  ])ecause  a  large  proportion  of  the  sand  may  be  used  over  and  over 
again. 

Other  necessar}'  core  room  supplies  are: 

Annealed  Iron  Wire,  No.  G  to  No.  10,  and  round  bar  iron  in  sizes 
of  J  inch,  2  inch,  \  inch,  f  inch,  |  inch.  This  material  is  cut  to  length 
as  needed,  and  bedded  in  the  core  sand  to  strengthen  the  core,  as  will 
be  demonstrated  later. 

A  supply  of  clean  cinders  must  l)e  available  for  venting  large 
cores.  Small  wax  tapers  make  goixl  vents  for  cr(M)ke(l  cores.  There 
is  also  a  patented  wax  vent  for  sale  on  the  market. 

As  before  stated,  charcoal  with  some  graphite  is  the  principal 
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facing  material  used  on  cores.     It  is  always  applied  in  liquid  form  by 
dipping  the  core  or  by  using  a  flat  brush  having  extra  long  bristles. 

The  general  tools  of  the  core  room  are  similar  to  those  already 
mentioned.     A  piece  of  iron  rod  very  often  replaces  the  regular  ram- 
mer on  account  of  the  small  size 
of  the  opening  into  which  sand 
must  \ye  packed. 

The  trowel  is  the  most  com- 
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Fig.  57.    Spraying  Can. 


Fig.  58. 


mon  slick,  because  most  of  the  surfaces  wliich  require  slicking  are 
flat  ones  formed  by  "striking  off"  after  packing  the  box.  Except  in 
the  largest  work  the  entire  face  of  the  core  is  not  slicketl  over,  so  a 
variety  of  small  slicks  is  not  needed. 

A  spraying  can, 
shown  in  Fig.  57,  is  used 
for  spraying  molasses 
water  over  small  cores. 
Fill  the  can  two-thinls 
full  and  blow  into  the 
mouthpiece. 

Small  cores  are 
made  up  on  a  flat  bench, 
the  sand  Wuv^  in  a  small 
pile  at  the  back.  Larger 
lx)xes  are  rammed  up 
on  horses  or  on  the 
fl(H)r,  as  is  most  conven- 
ient. 

After    lH*ing    made 

up,  core^s  are  bake<l  on 

core  plates.  The  smaller 

Fig.  59.   Small  Core  Oven.  plates  are  cast  perfectly 

flat.     Plates  over  IS  inches  long  are  strengthened  by  ribs  cast  almut 

1  inch  from  the  edge.     See  Fig.  58.    This  keeps  the  plate  from 
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warping  and  admits  of  its  being  picked  up  readily  from  a  flat  bench 
top  or  shelf. 

(Xens  are  built  with  reference  to  the  size  of  the  cores  to  be  baked. 
A  good  tj-pe  of  small  oven  is  illustrated  in  Fig.  59.  It  can  be  run  veiy 
economically  with  either  coal  or  coke,  and  will  bake  cores  up  to  2 
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Fig.  CO.    Core  Oven  for  Large  Work- 

inches  in  diameter  inside  of  half  an  hour,  riach  shelf  is  fastened  to 
its  own  door  antl  when  open,  for  receiving  or  removing  cores,  a  door 
at  the  back  of  the  shelf  closes  the  opening.  This  prevents  a  waste  of 
heat 

Fig.  60  shows  the  section  through  an  oven  suitable  for  the  largest 
work,  including  Ar\  sand  and  loam  molds.  The  fire  Ik)x  A  is  situate<l 
in  one  comer  at  the  back;  its  whole  top  opens  into  the  oven.     At  the 


Fig.  «1.    Cast  Iron  Car. 

floor  level  diagonally  opposite  is  the  flue  B  for  conducting  the  wa.ste 
heat  to  the  stack  C.  The  entire  front  of  the  oven  may  Ije  oj^ened  by 
raising  the  sheet  steel  door.  Two  tracks  side  by  side  accommcxlate 
cars  upon  which  heavy  work  is  run  into  the  oven.  Fig.  01  shows  a 
good   form  of  cast-iron  car.    The  wheels  are  designcil  on  the  niller 

principle  tQ  make  it  eii3ier  to  Mart  the  car  when  heavily  loarleij, 
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For  medium  work  smaller  ovens  of  this  tjrpe  are  used.  Racks 
similar  to  the  one  shown  in  Fig.  62  may  be  bolted  on  the  sides,  ar- 
ranged to  hold  the  ends  of  the  core  plates;  and  the  car  may  carr}'  a  line 
of  double  racks  to  increase  the  capacity  of  the  oven. 

As  mentioned  before,  cores  form  those  parts  of  a  mold  which  will 
be  nearly  or  entirely  surrounded  by  metal.  In  other 
words,  such  parts  as  would  be  in  danger  of  breaking 
or  require  too  much  work  to  construct  in  green  sand. 
The  object  then  in  making  cores  is  to  make  a  Ixjtter 
casting  and  reduce  costs. 

Cores  are  held  in  position  by  means  of  core 
prints  (See  Pattern  Making,  page  56).  The  main 
weight  of  the  core  is  supported  by  these  prints  and 
through  th^n  all  vent  must  be  taken  off  and  all  sand 
removed  in  cleaning.  Therefore  cores  must  1x5 
stronger  than  green  sand  because  whether  large  or 
small,  they  must  stand  handling  while  being  set  and 
must  not  cut  or  break  during  pouring.  They  require 
greater  porosity  than  green  sand  because  their  vent 
area  is  limited  and  their  composition  contains  more 
gas  forming  material.  Furthermore,  cores  must  lose 
all  their  bond  by  the  time  the  casting  is  cold,  so  that 
the  sand  may  l)e  easily  removed  no  matter  how  small 
the  available  opening. 

These  conditions  are  obtained  by  using  a  coarse 
free  sand  and  a  binder.     To  give  additional  streiip^h 
when  necessary,  iron  wire,  or  rods,  or  cast-imn  core 
arlwrs  are  bedded   in  the  core.    Tliese  serve  the 
same  purpose  in  a  core  that  the  flask  does  in  green  sand  work. 

The  action  of  the  binder  enables  the  sand  to  retain  its  shape  when 
the  box  is  removed,  and  renders  the  core  hard  and  strong  when  baked. 
In  the  mold  the  intense  heat  of  the  metal  gradually  bums  out  the 
organic  matter  or  "binder,"  leaving  the  core  without  bond.  In  this 
condition  the  sand  may  readily  \>e  removed. 

^'  Too  much  binder  tends  to  make  the  core  sag  out  of  shape  before 
baking,  and  "blow"  when  metal  strikes  it,  that  is,  give  off  more  gas 
than  the  vents  can  carrj'  away.  With  too  little  binder  the  sand  will 
not  bake  hard,  and  will  "cut"  when  the  mold  is  poured. 
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No  universal  mixture  for  core  sand  can  be  given,  as  sands  vary 
so  much   in  different  localities.     The  following  mixtures  illustrate 
approximate  proportions: 
For  small  cores: 

Boach  sand 10 

Flour 1 

Temper  with  molasses  water. 


For  large  cores: 

Sharp  fire  sand 8 

St  rong  loamy  sand 2 

Flour 1  i 

Temper  with  clay  wash. 

For  intricate  smaller  cores: 

Beach  sand 15       Beach  sand 15 

Fire  siind 15       Molding  sand 5 

Rosin 2      Flour 2 

Flour 1       Oil  1 

Tem{x?r  with  molasses  water. 

Blacking  for  Light  Work.  One  cup  of  molasses  to  a  pail  of 
water.  Into  this  work  powdered  charcoal  until  an  even  black  coating 
is  deposited  upon  the  finger  when  dipped  into  the  blacking  and  out 
again. 

Heavy  Blacking.  Use  about  2  parts  charcoal  and  1  graphite, 
and  mix  into  thick  clav  wash. 

The  effectiveness  of  all  binders,  especially  flour,  depends  upon 
their  thorough  mixing  with  the  sand.  The  especial  value  of  rosin  and 
oil  lies  in  the  fact  that  by  melting  under  the  oven  heat  they  form  a  more 
perfect  l)ond  with  the  sand. 

Many  intricate  cores  are  now  made  with  an  oil  mixture,  without 
using  rods  or  wires,  which  formerly  were  considered  absolutely  neces- 
sary for  strength. 

Such  cores  must  be  well  supported  when  green,  must  be  thorough- 
ly baked,  and  handled  with  much  care  until  they  are  cold. 

In  preparing  core  sand  the  different  ingredients  should  i>e  meas- 
ured out,  thoroughly  mixed  and  while  dry,  sifted.  Temper  the 
mixture  a  little  damper  than  molding  sand.  Too  much  moisture  will 
make  the  sand  stick  to  the  box.  Not  enough  will  make  it  hard  to 
work  and  give  a  crumbly  surface  if  dried. 

In  finishing  small  cores  they  should  be  sprayed  with  weak  mo- 
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lasses  water  while  green,  then  well  baked  and  removed  from  the  oven. 
When  eool  enough  to  handle,  tliey  are  dipped  into  the  blacking;  then 
put  back  in  the  oven  until  this  facing  has  dried.  For  large  cores  the 
blacking  is  applied  with  a  brush  before  baking. 

All  cores  should  be  baked  as  soon  as  made,  for  air-drj'iiig  causes 
the  surface  to  crumble. 

Cores  must  not  be  set  in  a  mold  while  they  are  hot,  or  the  mold 
will  "sweat,"  that  is,  beads  of  moisture  will  form  on  the  inside  faces. 
ThiB  would  make  the  mold  "Itlow"  when  poured. 

A  core  should  be  rammed  evenly  and  somewhat  harder  than  a 
mold.  Too  hard  ramming  will  make  the  .sand  stick  in  the  box,  Ite- 
Bides  giving  trouble  in  casting.  Too  light  ramming  makes  a  weak 
core. 

From  the  very  nature  of  cores,  the  matter  of  venting  them  i.s  very 
important  and  often  calls  for  much  ingenuity  on  the  part  of  the  core 
maker. 

For  simple  straight  work  a  good  .sized  vent  wire  is  run  through 
before  the  box  is  removed.  Half  cores  have  their  vent-s  cut  in  each 
half  before  pasting  together.  Cinders  are  ramme<l  in  the  center  of 
laige  cores  connecting  through  the  prints,  with  the  mold  vents.  For 
crooked  cores,  wax  vents  are  rammed  in  the  center — tlie  wa.\  melts 
away  into  the  sand  when  the  cores  are  hakeil,  leaving  smooth  even 


hole.s.    This  will  Ik-  illnstrate<l  in  one  of  the  following  examples. 

The  examples  here  given  will  sene  to  ilhi.strate  the  principal 
methods  used  in  making  cores. 

The  simplest  form  of  core  is  one  which  can  l>e  rammetl  up  anil 
l>aked  as  made  by  simply  removing  the  lx»x.  Short  l)oU-hole  cores, 
etc.,  are  made  in  this  wi>y,  jis  shown  in  Fig.  fh!. 

Set  the  box  on  a  flat  l>encli  lop.  Hold  the  two  halves  together 
by  the  clamp  A.    Ham  the  hole  full  of  core  sand  by  use  of  a  small  rod- 
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Fig.  CJ.    L4arge  Cylindrical  Cores. 


Slick  off  the  top;  run  a  good  size  vent  wire  through  the  middle  of  the 
core.  Remove  the  clamp.  Set  the  box  onto  the  core  plate,  rap  the 
sides,  and  carefully  draw  them  back  from  the  core. 

Larger  cylindrical  cores,  up  to  about  1^  inches  diameter,  are 
rammed  in  a  complete  box  also,  only  rolled  out  on  their  sides.  See 
Fi^.  04.  This,  however, 
lends  to  make  a  flat  place 
on  the  side,  from  the 
weight  of  the  sand  sup- 
ported on  this  narrow 
surface. 

For  this  reason  cylin- 
(Irical  cores  of  large  diameter,  and  many  symmetrical  shapes,  are 
made  in  half  boxes.  See  Pattern  Making,  Figs.  Ill,  189,  194,  and 
200.  Such  boxes  are  rammed  from  the  open  side.  Wires  are  bedded 
when  necessarj'  about  in  the  middle  of  the  half  core.  The  fingers 
and  handle  of  trowel  are  often  used  to  ram  the  sand  and  with  the  blade 
of  the  trowel  the  sand  is  struck  off  and  slicked  to  the  level  of  the  top  of 
the  box. 

^^^len  baked,  two  half  cores  are  held  with  their  flat  sides  together, 
and  any  slight  unevenness  in  the  joint  removed  by  a  gentle  rubbing 
motion.  A  vent  channel  is  then  scraped  centrally  on  each  half. 
Pa.ste,  made  of  flour  and  water,  is  applied  around  the  edges  and  the 
two  halves  pressed  firmly  together;  care  is  taken  to  see  that  they  register 
all  around.  The  core  should  then  l)e  placed  in  the  oven  to  dry  out  the 
paste.  WTien  pasting  cores  of  6  inch  diameter  and  over,  it  is  well  to 
bind  the  halves  at  each  end  with  a  single  wrap  of  small  wire. 

\Mierever  possible,  core  boxes  should  be  made  with  their  widest 
opening  exposed  for  packing  the  core,  and  designed  so  that  the  core 
may  rest,  while  being  baked,  on  the  flat  surface  formed  by  striking  off 
at  this  opening. 

Core  plates  will  sometimes  become  warped.  WTien  a  core  would 
be  spoiled  by  resting  it  directly  upon  such  a  plate,  the.  unevenness  is 
overcome  by  sifting  upon  the  plate  a  thin  bed  of  molding  sand  and 
seating  the  core  on  this. 

All  cores  cannot  be  made  with  a  flat  surface  for  baking,  as  illus- 
trated by  a  port  core,  the  box  for  which  is  shown  in  Pattern  Making, 
Fig.  216. 


«W 


30  FOUNDRY  WORK 

This  core  must  1)C  rolle<i  over  on  a  beil  of  sand.  Using  an  oil 
Boixture,  ram  the  core  carefully,  betiding  into  it  several  wax  vents. 
These  ahoulil  start  near  the  end  wliich  will  touch  the  main  cylinder 
core  and  lead  out  of  the  end  which  will  enter  the  chest  core.  To  get 
this  crooked  core  on  a  plate  for  baking,  a  wooden  frame  ls  roughly 
nailed  together,  which  is  lai^  enough  to  slip  over  the  core  box  when 
the  loose  pieces  have  been  drawn  off  of  the  core.     See  A,  Fig.  G5. 

The  space  on  top  of  tlie  core  is  now  filled  with  molding  sand, 
rammed  just  enough  to  support  the  weight  of  the  core.  Tlie  edges  of 
the  frame  project  above  the  highest  points  of  the  core  and  form  guides 
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for  striking  off  this  sand  and  seating  a  core  plate,  as  at  B.  Box,  frame, 
and  plate  are  now  firmly  clamped  ami  rolled  over,  and  the  frame  and 
box  removed,  leaving  the  core  well  l)edded  on  the  plate  reuxly  for  the 
oven,  as  at  C. 

In  man iifactii ring  plants  (|iiaiitities  of  cores  are  often  rwjuircd 
which  cannot  be  bakii!  on  a  Hat  jilalc.  To  save  the  time  and  niuteri:;! 
neccssarj-  to  mil  each  core  onto  a  bt'il  <if  sand,  metal  boxes  are  made, 
see  Pattern  Making,  Figs.  227  and  22S,  and  the  core  is  bakeiJ  in  i>nc 
part  of  the  Ik>x.  Only  one  casting  is  rc(|uired  of  the  larger  ])ortiiin  of 
the  bo.\.  The  smaller  part  is  duplicated  fur  evurj'  vnrc  reijuireil  for 
tlic  day's  mold.s. 

Mentitm  hjus  l)een  made  of  the  u.se  of  wire-s  for  strengthen! iiit 
small  cores.  In  making  larger  ones,  there  is  a  greater  weight  of  saml 
to  cause  .strain  in  handling  the  core,  and  proportionately  greater  csisting 
strain.  To  resist  these,  a  .systematic  network  of  nxls  is  lieddeil  in  the 
core  while  l)eiiig  rammed,  as  shown  in  the  sectional  view.  Fig.  Od. 
Heavy  bars  a  abb  extend  the  length  of  the  core  to  give  the  main  stiff- 
ness. Smaller  cross  rotls  rest  on  these  at  the  bottom  and  top,  and 
with  the  small  vertical  rods  tie  the  whole  core  together. 

At  even  distances  fnun  each  end   lifting  hooks  c  arc  placed. 
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Cross  rods  through  the  lower  ejes  of  these  hooks  bring  all  the  strain 
of  the  hft  on  the  long  heavy  core  rods.     The  holes  in  the  top  of  the 
cores  where  the  lifting  honks  are  exposed,  are  stopped  off  when  the  core 
Is  in  the  mold   \n  moist- 
ening the  sides  of   holes 
nith  oil  aiul   hlling  up 
with  green  sand 

finders  are  packed 
m  the  middles  of  suth 
lures  Ihe^  iid  in  dr>- 
iiig  tlie  cort  T!ie\  furn- 
ish ^iH)il  \ent  md  the> 
ailou  the  -iiul  to  gi\c 
when  the  (  isting  shrinks, 
thus  rcheMiig  tin  strain 
(in  the  met  d  itself 

For  tin  largist  (lass 
of  <ores  for  gretii  sand 
work     ca,st  ini  i      core 
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Big  M    Network  of  Rods  In  Core. 


satisf  irton  t\  pt  of  irlior 
is  slionn  111  1  ig  07  This  consists  of  i  iienes  of  light  rings  \  cameii 
on  a  c  ist-iron  \k  iin  B  The  rings  are  of  ibout  \  inch  metal  cast  in 
o[>en  s,ind  md  stt  iljoiit  S  inihes  on  lenters  ind  ma\  t>e  wedged  to 
the  iKani       1  111  lieim  has  t  hole  at  cith  end  fur  hfting  the  core 

ThLS  skeleton  is  m-Kii  up  and  tried  in  the  bo\  liefore  the  work  of 

__^^^    '  ramming  the  core  is  begun.     It 

is  then  removed  and  given  a  coat 
of  thick  clay  wash.     A  layer  of 
core  sand  is  first  lightly  rammed 
over  the  inside  of  the  box,  and  the 
core  arlxjr  seateil  into  this.     The 
full  thickness  of  core  sand  facing 
is  then  firmly  rammed,  and   the 
entire  center  (illcil  with  well  packed  cinders.     Vents  through  the  fa- 
cing at  lM)th  ends  provide  for  the  escape  of  gases  from  these  cinders. 
Often,  when  but  one  or  two  large  cores  are  wanted,  the  cost  of 
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making  a  box  is  saved  by  sweeping  up  the  core.     This  Is  illustrateil  in 

the  pipe  core  shown  in  Fig.  68. 

The  pattern  maker  gets  out  two  core  boards  an<l  one  sweep. 
The  boards  are  maile  by  simply 
nailing  together  three  tliicknesses 
of  I  inch  stuff,  witli  the  grain  of 
the  middle  piece  crossing  that  of 
tlic  others  to  prevent  warjiiiifj. 
The  outer  edges  of  the  Inwrils 
have  the  exact  ciin'e  of  the  out- 
side of  the  pipe  pattern,  and  at  the 
ends  is  tacked  a  half  section  of 
the  core,  showTi  at  a  a.  One 
sweep  does  for  both  l>oan!s. 
The  cur\e  is  cut  the  exact  half 
section  of  the  core  The  e<lge  h 
cfpials  the  thickness  of  metal  in 
the  ca.sting,  and  the  stop  c  acts 

as  a  guide  along  the  outer  c<lge  of  the  lM)ard. 

In  making  up  tliis  core  a  thin  layer  of  core  sand  is  spread  on  the 


Pig.  «.    Pl|)c  Core.  . 


Fig.  00.    C«ri'  MaohlDc. 

board  and  the  outline  of  the  core  swept.     On  this  the  rods  with  their 
lifting  hooks  (ire  Iwdileii,  jmd  the  vpnt  rindfrfl  carefully  laid  along  the 


FOUNDRY  WORK 


53 


middle.  The  whole  general  shape  is  then  rammed  up  in  cure  sand 
larger  than  rec|uired,  and  by  using  the  sweep  it  is  brought  to  exact  size. 
Tlie  core  is  then  slicked  off,  blackened  and  baked  while  still  on  the 
Ix>ard.  \Mien  both  halves  are  <lrieci,  they  are  pasted  together,  the 
same  as  with  smaller  work.  To  prevent  breaking  the  lower  half  when 
turning  it  over  to  paste,  it  is  rolled  over  on  a  pile  of  heap  sand. 

For  making  "stock"  cores,  round  or  square,  several  styles  of  core 
machines  have  l>een  put  on  the  market  within  the  last  few  years,  of 
which  the  accompanying  cut,  Fig.  69,  is  a  good  representative.  This 
is  arranged  to  \)e  driven  by  hand  or  by  power.  The  core  sand  is  placed 
in  the  hopper  and  by  means  of  a  horizontal  worm  at  the  bottom,  it  is 
force<l  thn»iigh  a  nozzle  under  just  the  right  pressure  to  pack  the  core 
firmly.  A  clean  cut  vent  hole  Is  left  in  the  middle  of  each  core.  As 
the  core  is  forced  from  the  nozzle  it  is  receive<I  on  a  corrugated  sheet 
steel  plate,  which  is  moved  along  to  the  ne.\t  groove  when  the  core  has 
run  to  the  full  length  of  the  plate. 

Tlie  advantage  of  the  machine  is  that  with  it  an  apprentice  boy 
i-an  produce  a  true,  smooth,  perfectly  vented  core,  in  verj-  nuich  less 
time  than  could  possibly  be  done  by  lianil  ramml'ig. 
SETTING  CORES 

The  following  examples  show  typical  ways  of  setting  and  securing 
cores  in  molds  and  of  connecting  vents. 

A  iKilt  hole  core,  -shown  at  A,  Fig.  70,  ilhistrates  the  simplest  form 
of  core  to  set.     Only  a  drag  print  is  iiecessaiy;  the  flat  top  of  the  core 


.should  ju.st  touch  the  coi>e  surface  of  the  mold.  The  le\el  may  I)e 
tcste<l  by  a  straight  stick  or  by  sighting  acmss  the  joint.  If  the  core 
is  too  long,  one  end  may  l>e  filed  off  a  little;  if  too  .short,  a  little  sjmd 
may  be  filled  into  tlie  bottom  of  the  print.    For  longer  cores,  especially 
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.  bub  cores,  a  taper  print  is  placed  on  the  cope  side  of  the  pattern,  and 
tbe  same  taper  b  given  to  the  end  of  the  core;  this  guides  it  to  the  exact 
center  when  the  mold  is  dosed.  Numerous  examples  are  shown  in 
Pattern  Making,  pages  103  to  107.  The  exact  length  of  the  core 
should  be  obtained  from  the  pattern  with  a  pair  of  calipers,  as  shown 
in  Ilg.  71.  One  point  of  the  calipers  should  then  be  placed  on  the 
taper  end  of  the  core,  and  the  print  filled  in  or  the  core  shortened  in 
case  of  variation  from  the  right  length. 

It  is  well  to  make  a  vent  hole  from  the  center  of  each  print  liefore 
setting  the  core. 

With  pattern  and  core  boxes  properly  made,  little  difficulty  should 
be  experienced  in  setting  sm^l  horizontal  cores  for  hollow  bushings, 
|Mpe  connections,  etc.  (See Pattern  Making,  Figs-  IH,  1^>  and  1<.)1.) 
The  core  must  fit  the  print  or  a  poor  casting  will  result.    The  sand 


]L--Xai 


inr 


supporting  the  prints  must  be  tucked  finiil\  eniiugli  to  nlth'^taIld  tlit- 
lifting  pressure  on  the  core  A  atratch  with  the  jxunt  of  the  trowel 
along  the  joint  surface  from  the  end  of  the  print  to  the  edge  of  the  Clusk, 
will  usually  take  care  of  the  vent. 

For  larger  cores  of  this  character,  crossbars  are  nailed  in  lx>th 
drag  and  cope  made  to  fit  snug  against  the  core  print.  -See  a  a  a  a. 
Fig.  72.  These  hold  the  core  absolutely  firm.  The  si)ace.s  /)  b  in  the 
cope,  are  not  packed  until  the  core  is  set,  when  it  is  a  simple  matter 
to  ram  these  spaces  and  take  off  an  air  vent  directly  from  the  center  of 
the  core. 

In  setting  chaplets,  the  height  of  the  lower  one  may  be  tested  witli 
a  rule,  with  a  straight  edge  rested  on  the  prints,  or  by  a  guage  similar 
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to  that  shon-n  in  Fig.  73.     A  small  boss  is  usually  formed  by  pressing 
the  trowel  handle  into  the  mold  where  the  chaplet  is  to  go. 

The  cope  chaplet  is  not  Fastened  until  the  mold  is  closed,  then 
the  stem  can  be  properly  wedged  down 
iinder  a  bar  clamped  across  the  top  of 
the  mold. 

There  are  two  methods  of  coring 
holes  tjelow  the  level  of  the  joint.  One 
is  shown  clearly  in  Fig.  74.  A  "stock" 
core  is  set  in  the  bottom  of  the  prints; 
a  wooden  template,  shown  at  b  and  b',  is  set  over  the  core,  and  the  print 
a  is  then  packe<l  with  molding  sand  or  "stopped  off,"  as  it  is  termed. 

The  other  methcKl  is  shown  at  B  and  B',  Fig.  70.     Here  that  part 
of  the  core  which  will  shape  the  hole  through  the  casting,  is  formed 


Fig.  73. 
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on  the  end  of  a  core  whicli  e\actK  fills  the  print  \  smgle  operation 
.sets  the  core  and  -.ti)ps  off  tht  pnnt  lor  this  reison  this  method  is 
u.sed  where  a  lar^  numlier  of  suth  hole^  irc  t  >  l>e  t  reil 

In  ^ork  where  a  hole  must  project  well  int  the  (astmg  but  not 
all  the  \^a\  through  it  a  balanced 
core  11  often  use  1  Such  a  case  is 
illustrated  bj  the  rammer  head  Fig 
\\htn  miking  this  core  let  the 
vent  extern!  through  the  entire 
length,  then  stop  up  the  vent  at  the 
^  small  end  with  a  bit  of  clay  after  the 
■ore  is  baked. 

It  is  not  always  practicable  to 
enlarge  the  print  as  shown  here,  but  when  possible,  it  reduces  tlw 
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Fig  70    Large  Balanced  Core 


length  of  print  necessaiy  to  balance  the  projecting  end  and  ensures 
accurate  depth  to  the  hole 

Heavj  projecting  cores  must  be  supported  by  chaplets  as  illus- 
trated in  Fig  7C  ^  ents  mav  be  taken  off  through  a  channel  and  air 
riser  as  explained  in  the  section 
on  venting  Fig  77  hhows  the 
shape  of  the  pnnt  on  the  pattern 
for  this  mold  at  a  the  pockets 
formed  bj  the  core  are  sliown  at 
h  b  and  c  indiL'ates  the  position 
of  the  gate 

A  core  is  frequenth  used  to 
a^oid  a  deep  lift  for  the  cope 
Suitable  wire  hangers  shonn  at 
a  Fig  78  are  bedded  in  the  core  when  it  is  made  In  setting  the 
core  small  innealed  wire  alxjut  No  20  or  No  24  gauge  is  looped 
through  the  hangers  passed  through 
small  holes  made  in  the  cope  and  fast 
ened  with  i  grannj  twist  o\er  an  iron 
bar  on  top  Th  s  bar  should  beir  on 
the  sides  of  the  cope  and  the  core  be 
brtni^ht  up  snug  in  its  print  \  v  w  edf, 
iiV  uu  ler  it  en  Is  The  rigginj,  need  onh  Ik  strong  entugh  to  sup- 
[Kirt  tilt  wd^ht  of  the  core,  for  the  pressure  of  metal  will  fort-e  lliis 
core  hrmh  into  lis  pnnt  with  httle 
danger  of  shifting  it  For  liein 
tores  I  lifting  e^e  ^s  pre\iousl\  il 
luatrited  m  Fig  Ofi  takes  the  phce 
of  the  wire  hanger  and  the  core  i-< 
\  means  of  a  hooked  roil  with 
J  nut  on  the  end  A.s  shown  in  Fig 
70  this  rod  pisses  through  a  long 
w  Lsher  w  hich  bears  on  a  pair  of 
nik  or  similar  stiff  nggmg 

\\'here  possible  the  plating  of 
cores  in  the  bottom  of  moltis  should 
lie  a\oulcd  for  in  this  position  being  mu<h  lighter  thin  molten  iron 
thoy  must  ht  secured  igainst  i  pressure  tending  to  flo-it  or  lift  them 
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'ITiis  pressure  is  proportionate  to  tlieir  depth  I)elow  the  pouring  basin. 
But  the  nietul  at  the  Ix>tt4>in  of  a  mold  ifj  rleaner  and  more  sound  than 
that  at  the  top.  Therefore,  planer 
beds,  large  face  plates  and  pieces 
of  this  character,  are  usually  cast 
face  downward,  making  it  necessary 
to  anchor  the  T-slot  cores  in  the  bot- 
tom of  the  mold. 

In  some  cases  such  cores  may 
be  held  down  by  driving  nails  so 
that  their  heads  project  somewhat 
over  the  ends  of  the  core,  as  shown 
in  Fig.  80.  If  this  method  is  not 
strong  enough,  pointed  anchors, 
with  a  foot  on  one  end,  are  run 
through  a  hole  in  the  core,  and  are  '^- 

carefuUv  driven  into  the  Ijollom  txiard.     See  Fig.  81.     Where  the 
work  is  bedded  into  the  floor  a  plank  must  be  .set  to  receive  these 


% 


FiR.  81. 
As  in  the  ca.se  of  lifting  eyes,  the 


Fig.  SO. 

anchors  just  below  the  cinder  l>ed. 
holes  in  the  ff>re,  into  which  the  foot  on  the  anchor  is  driven,  are 
smeare<l  with  oil  and  stopped  off  with  green  .sand. 
DUPLICATING  CASTINGS 
Devising  methods  for  increa,sing  production  and  decreasing  its 
ctwt  i.s  one  of  tlie  important  problems  of  modem  engineering  in  the 
foundry  a-s  well  as  el-sewhere.  In  the  jobbing  foundn,-  where  there  is  a 
great  variety,  not  only  in  the  patterns  them.selves,  but  in  tlie  numl>er  of 
castings  called  tor  from  each  pattern,  the  mol<ler  makes  up  a  sand 
match  as  alreadv  descril>ed. 
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On  tliis  match  he  arranges  .such  an  assortment  of  patterns  as  will 
fill  his  flask  and  l>e<ls  them  iiitu  plut'e.  From  a  well-made  sand  match 
two  or  three  hundretl  molds  mny  t)e  made  up.  \Mien  the  desired 
number  of  castings  is  made  from  one  pattern  on  the  match,  that  one 
is  removed  and  another  one  which  will  fit  in  its  place  is  .substituted. 

For  manufacturing  purposes  thousamls  of  the  same  casting  may 
be  required  calling  for  more  durable  patterns  and  match.  Metal 
patterns  are  made  and  as  many  as  pan  l)e  oast  in  a  fla-sk  are  soIdere<l 
to  a  smoothly  fini.shed  metal  gate  pattern.  ^Vith  a  draw  screw  inserted 
in  this  gate,  all  of  the  patterns  may  l)e  drawn  at  once.  Two  steady- 
pins  shoidd  Ije  screwed  and  sweated  into  the  tirag  side  of  the  gate 
pattern.  These  should  l)e  of  small  round  brass  r«l  an<i  project  l>elow 
the  deepest  point  of  the  patterns.  They  guide  the  pattern  as  it  is 
being  drawn  and  prevent  it  from  .swaying  and  breaking  the  edges  just 
as  it  leaves  the  sand.  Patterns  so  arranged  are  termed  "gale<l  pat- 
terns." 

When  such  patterns  have  a  flat  joint,  a  special  mold  Iwjanl  should 
be  provided  and  the  patterns  stored  on  the  same  boanl.  When  the 
joint  i,s  irregular,  a  permanent  oil  match  should  l>e  matle.  Make  a 
strong  hardwoo<l  frame  the  size  of  the  fla,sk  and  a)H)ut  1  inch  deei>. 
with  the  bottom  Ixmrd  arranged  to  screw  on  to  the  back.  Nails  should 
l)e  ilriven  into  the  inner  sides  hang- 

r_        -        ^Tjl        iiijf  parallel   to  the  lioltoni   boiinl. 
""  I         Measure  the  quantity  of  siind  need- 

ed to  fdl  this  malch.  Mix  tlior- 
oiigldy  and  put  (lirough  a  fine  sieve, 
while  dry.  one-hittf  this  quantity  of 
burnt  sand,  one-half  new  molding 
.siind.aiid  alwHit  one-fortieth  litharge. 
Tcni|>er  the  .same  as  molding  sjtnd, 
Ffi!-  w.   nil  Mai.ii,  using   l>oile<l    linseed  oil.     Ham  up 

rlrag  and  joint  the  mold  very  ciirefully.  Put  on  the  match  frame  and 
ram  up  with  the  alM.ve  rni\tun';  strike  off,  and  .screw  on  l)ottoui  l)oanl. 
Kcniove  drag  and  allow  (he  mulch  to  diT  for  a  day  with  the  pattems 
left  in  it.  A  coat  of  shellac  when  dry  will  imi)rove  the  surface.  Fig. 
S2  shows  H  .set  of  gated  patterns  btildtil  in  a  lianl  match. 
MOLDING  MACHINES 
Allhotigli  there  are  many  styles  of  molding  machines  on  the 
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market,  tliere  are  practically  hut  three  separate  types:    Those  de- 
sigiieil  to  simply  <lraw  the  pattern;  those  which  only  ram  the  flask; 
and  those  wliere  the  niechanism  is  ar- 
range<i   to   perform   Ijoth   of   these 
operations. 

Machines  are  used  to  make  it  pos- 
silJe  to  turn  out  larger  quantities  of 
.small  work  or  to  simplify  the  produc- 
tion of  difficult  castings.  The  kind  of 
machine  u.sed  will  van'  acconling  to 
(he  line  of  casting  to  l>e  made.  Iron 
flasks  are  use(l  with  these  mat'hines  for 
medium  weight  casting,  while  for  light 
work  the  snap  flask  is  almost  univer- 
sally employ«l. 

In  Fig  S3  is  shown  a  molding  ma- 
chme  of  the  fir^t  t^-jw  spt>ken  of  dl)o^e         ""  *"    ""^""=  '"'"'"'" 
The  pedestal   Iwse  of  the  ma<^hine  has  a  flat  top     The  stnpping 
plate  IS  supported  .il)o\e  this  1>\   a  ngid  open   framework     \\ork- 
ing  in  gmdes  tdrrietl  on  the  sides  of  this  framework  is  the  drawing 


Fig.  84. 
frame  made  to  raise  or  lower  by  a  strong  crank  and  <-oiiiii'ctiiig  n«l. 
On  top  of  this  drawing  frame  and  parallel  to  (li<-  .^tripjiing  plate  is 
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screwed  the  plate  tii  which  the  pntteni  is  fastened.  The  stripping 
plate  is  cast  with  un  ojieniiig  which  lea\"e.s  alM>iit  1  inch  clear  all  arouml 
the  pattern.  When  lx>lh  pattern  and  stripping  plate  are  pniperlv  sei 
in  phice,  this  space  i.sfille<l  with  Imbbitt  metal;  this  being  an  easy  «a_v 
to  secure  a  nice  fit- 
In  many  cases  theie  will  l)c  an  interior  l»«xly  o{  sand  to  be  sii|>- 
ported  when  Ihe  pattern  is  firawn.  To  accomplish  this  stools  are  iiseil. 
A  leg  screweii  into  the  stool  plate  snpports  the  stool  at  the  exact  level 
of  the  stripping  plate.  The  alool  plate  is  fastened  to  the  flat  top  of  tlie 
machine  inside  of  the  liox-like  framework  which  supports  the  stiipping 
plate.     See  Fig.  84. 

The  gear  wheel  niountei!  in  Fig.  83,  would  be  a  dilHcult  pattern 
to  duplicate  by  simple  hand  drawing;  the  machine  insures  a  perfectly 
clean  draw.     A  box  is  inverted  on  the  m.ochine,  ramme<l,  venteil  and 


Fig.  H.S.    Itillry  Mnldliig  Mkctilne. 

struck  otf.  A  movement  of  the  crank  lever  at  the  side  draws  the  pat- 
tern. The  mold  is  removed  ami  set  on  a  level  sand  floor,  tlnis  doing 
away  with  bottom  boards.  A  second  stripping  plate  anrl  pittern  is 
useil  for  ramming  the  cope  boxes. 

Pulleys  are  manufactured  on  molding  machines  of  this  type,  a,s 
shi>wn  by  the  equipment  illustrated  in  Fig.  -So.  The  rim  patterns  have 
the  form  of  long  hollow  cylinders  and  can  readily  be  set  for  any  de- 
sireil  width  of  face.  The  hub  carrj-ing  the  core  print  separates  from 
the  spokes,  lifts  off  in  ihe  mold  and  is  drawn  by  hand.  The  arm  pat- 
terns are  so  flat  and  smoothly  rounded  that  the  mold  is  easily  lifted 
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off  of  them  with  little  fear  of  breaking  the  sand.  Cope  and  drag  molds 
are  trath  alike  for  a  pulley  mold. 

Fig.  86  shows  a  type  of  machine  which  only  packs  the  sand. 
Here  the  paitems  are  carried  on  iivo  sides  of  a  plate  set  l>etween  the  ' 
cope  antl  drag.  Both  boxes  are  filled  with  sifted  sand  and  set  on  the 
machine.  The  boards  are  made  to  slide  inside  of  the  flask.  The 
molder's  weight  on  the  lever  compresses  the  sand. 

The  sprue  is  cut  by  a  thin  hollow  steel  tube  called  a  sprue-cutler, 
which  is  presseti  through  the  cope  sand  by  the  molder  l>efore  separating 
the  flask.     In  separating  the  mold  the  cope  is  first  lifted  from  the  drag 
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and  the  plate  is  gently  rappetl  and  lifted  from  tlic  drag.  Tu  miike  a 
clean  hft  when  parts  of  the  patterns  project  in  the  cnjje,  a  sitimd  mol- 
der raps  with  an  iron  Imr  lietween  the  battens  (if  the  Imttoin  Ixiard 
while  the  cope  is  lieing  drawn  off. 

Such  inacliines  are  used  chiefly  on  thin  w<irk  which  will  vent  and 
solidify  verj-  rapidly — for  the  outer  surfaces  of  the  drag  anil  vope  are 
apt  to  lie  rammed  so  lianl  that  they  might  clii>ke  the  vent  on  heavier 
ca.stings. 

Fig.  S7  shows  the  operiitioii  of  the  lever  inccliaiiisni  by  which 
one  movement  draws  the  presscr  head  over  into  jiljice  and  then  piiIU 
it  down  to  compress  the  saml, 

With  the  thin!  class  of  machine  l>olli  hanil  and  jxjwer  are  cm- 
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ployed  for  tlie  ojierating.  A  hand  machine,  Iniilt  on  the  same  lines  as 
the  previous  example,  is  shown  in  Fig.  88,  With  this  machine  galfd 
patlertut  are  mounted  on  a  vooden  board  or  hard  malcli.  Snap  flasks 
are  used  and  when  the  size  of  the  work  will  permit,  both  cope  and  <lrag 
parts  are  set  up  side  l)_v  side  on  the  same  machine. 

The  amount  of  sand  to  l>e  compressed  is  regulatetl  l»y  the  depth 
of  the  sand  jram^  which  '\s  .set  on  top  of  tlie  Injxes.  To  avoid  ramming 
the  higher  portions  of  the  pattern  too  hanl  a  thick  hI<K-k  is  fastened 
to  the  presser  head.  This  Idcwk 
is  hollowed  out  to  conform  with 
the  shape  of  the  patterns,  as 
shown  in  the  small  cnt.  'i'his 
exces.s  is  .struck  off  l>efiire  the 
patterns  are  drawn.  A*  move- 
ment of  the  lift  le^er  raises  the 
lift  table.  This  in  tuni  rai.ses 
four  pins  which  pass  throiifjh  the 
comers  of  the  pattern  r>oanl,  en- 
}i;age  the  edf^es  of  the  flask  and 
lift  it  perfectly  straight  off  of  the 
patterns.  The  end  of  a  rapping 
bur  may  he  .seen  under  (he  pat- 
tern board  of  (lie  coik-  Ih-x. 
With  this  tlie  lH>ard  is  rap|>iil 
while  the  lift  i.sl>eiug  made, 
n  .sonic  .styles,  [>ower  transmitted 
many  niol<ling  machines.  Cum- 
lently  met  with.  I'if;.  Ml  shows  a 
•  from  14  X  2()  inches  to  40  x  ItO 
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1   t.n'  operating 

])ressed  air  is.  In>\\ 

•ver,  more  frei]i 

modern  macliine. 

Tl,e  «i.e»  r,„.s, 

In  opcratiiin  the  facing  sand  is  tuckol  by  hand,  awl  the  lliusk  and 
sand  frame  filled.  Tlic  presser  head  is  swung  forwanl  but  n-mains 
stationary,  and  the  whole  ma.'liinc  table,  Waring  patterns  and  flask 
arc  fi.ivc'd  Lipwanl  against  it.  by  means  of  a  .ylin.U'r  nndcrn<-adi  the 
iciilcr  <.f  the  n.a.hiiic.     Two  or  llire<-  blows  at^'  given  as  if  bv  a  steam 


Hither 


trijuiing  |ilatc,  paltcrn  iMiaiil.  or  pattern  }>lale  is  n? 
■  for  rajiping  tlic  pallern.s  a  small  pair  of  cylinder 
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attaches!  to  the  frame  which  carries  them.  These  cylinders  contain  a 
small  piston  which  is  driven  back  and  fortli  very  rapidly,  giving  a 
trembling  mution  to  the  patterns.  This  attachment  is  called  a  pneu- 
matic vibrator. 

A  nibl>er  tiilie  witli  a  nuzzle  is  conveniently  attached  to  the  com- 
pressed air  pipe  iind  provides  a  ready  means  for  the  mdder  to  blow 
his  mold  clean.  The  force  of  this  air  is  regulated  by  a  spring  valve 
attached  to  the  nozzle. 

On  the  lai^  machines  all  operations,  even  to  the  swinging  of  the 


presser  head,  are  accoTiiplislied  by  cum  presses  I  air,  C(intn>lleil  by  a  tew 
conveniently  placed  levt-rs. 

The  a<lvantaj;e  <if  molding  maclilnes  lies  in  the  far-t  that  they  can 
l)e  operated  with  practically  unskille<l  lalxir,  l)ecau.sc  there  is  nr>  skill 
re*juired  in  drawing  the  jKilteni,  in  repairing  the  mold,  or  in  gating, 
and  in  many,  none  re<]uired  in  packing  the  flask.  All  of  these  are 
[Kiints  which  ordinarily  call  for  sound  judgment  an<l  a  high  degree  of 
skill  on  the  part  of  the  molder.  The  limitation  of  ihc  simple  ■«|ii.-e/er 
due  to  hani  surface  ntnmiing,  has  Ixvii  m<'nlionc(l. 

The  tendency  of  molding  niachiuf-  practice  ni  the  jobbing  shops 
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is  toward  a  han(I-ramme<l.  st ripping-plate  macliine,  because  the  jobs 
inay  l>e  <'haiif(ed  (|iiickly  anil  the  more  inlrirale  patterns  can  Ije  rammeci 
just  righl.    The  great  exrtensc  of  nielul  pulteriis  iind  stripping  plate 


PmuT  and  Draws  PatlHnis  AHioiiiBOc«lly.) 
is  being  overeonie  liy  the  use  of  onlinaty  w«xxien  patterns  and  a  strip- 
ping plate  made  of  well-seasoned  oulc,  which  has  l»een  Ixtiled  in  par- 
affin to  prevent  it  from  warping. 

DRY  SAND  WORK 

This  hntnch  of  molding  lieconies  a  .separate  trade  in  sliops  where 
the  work  is  done  continually.  The  dry  sand  molder  must  use  the 
same  precautions  as  the  green  sand  molder  in  .setting  gates,  risers,  and 
fastening  his  sand  with  crossbars  and  gagers.  At  the  same  time  lie 
works  with  a  core  sand  mixture  next  his  patterns  and  l)acks  this  with  a 
coarse  raoldmg  sand.  So  that  he  must  combine  the  skill  and  judg- 
ment of  both  green  sand  molder  and  core  maker.  The  venting  i)f  dry 
sand  work  must  be  ample  as  in  the  case  of  cores,  but  It  is  simpler  thuti 
in  core  work,  because  the  core  mixture  surrounds  the  casting  so  that 
vents  may  lie  taken  off  in  all  directions. 

Iron  flasks  are  nsetl,  generally  provided  with  tnmnions  to  facilitiile 
turning.  The  facing  mixture  is  the  same  as  that  useil  for  making 
large  cores.     See  Core  Making.     The  remain<!cr  of  the  flask  is  [jacked 
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nnth  the  same  sand  after  it  has  been  used.  The  patterns  are  made 
and  used  the  same  as  with  green  sand,  only  they  lihould  l)e  brushed 
over  with  Unseed,  crude-oil  or  other  hea\7  oil  before  ramming,  lu 
some  shops  oil  b  brushed  over  the  joint  before  parting  sand  is  thrown 
on.  After  the  pattern  is  drawn,  the  mold  is  finished  by  applying  ii 
lieaxT  coat  of  good  black  wash.  ^NTien  the  sand  has  absorljed  the 
moisture  90  that  all  glisten  has  disappeared,  this  blacking  is  slicked 
over.  Great  care  must  be  exercised  in  this  operation,  for  too  much 
slicking  will  draw  the  moisture  to  the  surface  again  and  result  in  scal)s 
on  the  casting 

Engine  cylinders  are  a  representative  line  of  work  for  dry  sand. 
Consider  the  simple  type  of  cylinder  shonn  in  Pattern  Making,  page 


ng.  »0.    MolcllQi:  a  rTliiiilfr. 

11.7,  to  have  a  bore  of  from  IG  to  2ti  inches  with  the  PNliaiist-outlct 
flange  placed  alwve  the  tenter  of  the  cylinder.  To  facilitate  siting 
the  cores  the  pattern  will  t>e  .split  thnnigh  Ihc  steam  clicst.  The  flange 
just  mentione^l  wilt  l>e  molileil  in  the  drag;  it  .shoulii  l>e  maile  !i«)sc 
and  draw  in  the  opposite  direcfir>n  fnim  the  ni:iin  [wttern.  The  cylin- 
der core  will  be  made  on  a  "barrel"  (explained  later  on  jiage  (i7) 
and  the  mold  poured  on  end  to  insure  .■^ound  mela!  and  to  nihice  the 
casting  strain  on  the  (Nirt  cores.  The  flask  Is  made  with  a  niiitul  ()|K'n- 
iiig  in  one  end  to  allow  llie  coi-c  to  piiijecl  thM)iiy:ti  il.  Tlii-.  opening 
i.s  larger  than  the  ilraineter  of  (he  n>re  to  allmv  I'oc  gjilc-  and  risers. 
There  must  l)e  another  ojK'iiing  at  the  side  nf  the  flasU  opposite  llie 
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steani  chest  core  to  provide  for  fastening  these  cores.  Iron  plates 
serve  for  flask  Imards  and  there  should  be  a  hole  in  the  drag  plate  op- 
posite the  exhaust  core  to  allow  for  venting  and  fastening  its  end. 

One  half  of  Fig.  90  shows  the  end  view  of  the  flask,  Tlie  otlier 
half  shows  a  section  through  the  middle  of  the  completed  mold.  Here 
A  is  the  hollow  cylinder  core,  B  is  the  chest  core,  C  the  live  steam  core 
hung  in  the  cope,  D  the  e.xliaust  core.  The  fiask  is  packed  in  a  man- 
ner similar  to  green  sand.  The  method  of  molding  the  exhaust  flange, 
howevtr,  has  not  previously  been  explaine<l.     To  do  this,  proceeil 


piickiii^  llic  (Ini^  luiiil  ilu-  patteni  is  covered.  Tuck  the  facing  care- 
fully miileriiciitli  ihc  Haii;,'c,  setting  in  nids  as  in  con-  work,  to  sirciigth- 
en  tlic  (ivcrlijii luring  porli.nis.  Make  u  flat  joint,  F  T,,  at  tlic  level  of 
the  l,.p  of  tjic  flange,  then  carefnlly  fit  over  tlif  print  of  the  flang.-  llu- 
cover  cure,  K.anil  i\\  its  pii.silion  with  nails  ilriven  into  the  joiiit  at  its 
ciiriuTs.  Now  remove  the  cover  con',  draw  the  flange  and  finish  that 
part  of  the  mold  with  black  wash  and  .ilicking.     When  this  is  accom- 
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plisheil,  replac^e  the  cover  core,  place  a  short  piece  of  pipe  over  its 
central  vent,  and  finish  ramming  the  drag.  This  method  may  be  used 
in  many  cases,  both  in  dry  sand  and  green  sand  work  where  a  small 
detail  of  the  casting  requires  a  separate  joint  surface. 

A  sectional  plan  looking  down  on  the  drag  is  shown  in  Fig.  91. 
\\'hen  the  mold  has  been  properly  finished  and  baked,  the  drag  is 
brought  from  the  oven  and  set  oji  a  pair  of  stout  horses.  The  cylinder 
core  IS  first  set  in  place,  then  the  exhaust  core  is  set  in  its  drag  print 
and  held  close  to  the  cylinder  core,  while  the  port  and  chest  cores, 
previously  pasted  and  fastened,  are  lowered  into  the  chest  print.  The 
chest  print  is  cut  a  little  long  at  a  a,  to  allow  its  core  to  be  drawn  back 
slightly  while  the  exhaust  core  is  entered  into  its  place  between  the 
port  cores.  Then  all  of  the  cores  are  set  for\vard  into  position,  the 
chaplets  6  6  set,  the  space  a  a  tightly  packed  again,  and  the  anchor 
bolts  c  c  placed  in  position  and  made  fast.  The  drag  print  of  the 
exhaust  core  is  made  fast  from  underneath  the  drag  plate.  \Mien  all  the 
cores  have  been  firmly  fastened,  the  cope  is  closed  on,  the  two  boxes 
clamped  at  the  flanges,  and  set  up  on  end.  The  runner  R  and  the 
riser  S  were  cut  and  finished  befoie  baking;  the  basins  must  be  built 
in  green  sand  after  the  mold  is  closed. 

MAKING  A  BARREL  CORE 

Loam  is  used  here  for  the  outer  shell  of  the  core.  It  is  probably 
the  simplest  job  in  which  a  loam  mixture  is  employed,  and  is  made  by 
a  core  maker  more  freijuently  than  by  the  higher  paid  loam  molder. 
Barrel  cores  are  used  where  the  core  is  long  and  can  best  be  supported 
at  the  ends  only;  for  example,  in  gas  and  water  pipes  and  cylinder 
work. 

Loam  is  a  facing  mixture,  of  the  consistency  of  mortar,  applied  to 
the  face  of  the  core  or  mold.  It  contains  fire  sand  with  a  \xn\il  of 
strong  porous  molding  sand  moistened  with  a  thick  clay  wash.  A 
small  proportion  of  organic  matter  in  the  sha])e()f  horse  manure  is  put 
in  to  aid  the  l)ond  and  to  leave  the  crust  of  loam  more  fragile  by  burn- 
ing out  as  the  casting  cools.  Pro])()ili()ns  of  the  mixture  will  vary 
acconling  to  locality,  but  the  princi])les  already  cited  hold  here  as  with 
other  molding  ccmipounds.  With  too  much  bond  the  loam  works 
easier  but  tends  to  choke  the  vents  when  casting.     With  not  enough  it 
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will  l>e  weak  and  liable  to  break,  cut  or  crumble  under  strain.     A 
typical  mixture  is  as  follows: 

Mixed  by  Hand  Mixed  by  Mill 

Fire  sand                                 10  parts  10  parts 

Stn>ng  coarse  molding  sand     4      **  3      ** 

Horso  manure                           li    *'  2      " 

Wet  with  thick  clay  wash. 

The  advantages  of  loam  cores  are  that  they  are  lighter,  cheaper 
to  make,  and  cany  off  the  gases  faster  than  do  dry  sand  cores. 

The  method  of  making  barrel  cores  is  as  follows:  A  piece  of 
pipe  about  three  inches  smaller  than  the  outside  diameter  of  the  core 
is  selected  to  form  the  center.  The  pipe  is  perforated  with  a  large 
numl)er  of  holes.  If  the  pipe  is  more  than  three  or  four  inches  in 
diameter,  centers  or  tninnions  are  riveted  in  the  ends  to  serve  as  bear- 
ings. The  pipe  is  arranged  to  revolve  freely  on  a  pair  of  in)n  horses, 
as  shown  in  Fig.  02.  A  crank  handle  is  attachetl  by  which  the  pipe 
may  be  turned.  A  couple  of  wraps  of  hay  rope  are  first  given  around 
one  end  of  the  pipe  and  the  loose  end  pinned  flat  by  a  nail  run  under 
these  strands.  Tight  wrapping  is  then  continued  to  the  other  end  of 
the  pipe  where  the  mpe  is  fastened  in  a  similar  manner  and  cut  off. 
Hay  rope  should  l)e  made  of  long  wisps  tightly  twisted.  Sizes  var\* 
from  4  to  1  inch.  Where  only  a  small  amount  of  hay  rope  is  use<l,  it  is 
bought  ready  made.  Foundries  using  large  (juantities  are  equippe<l 
with  one  or  more  machines  built  especially  for  making  this  roj)e. 

The  first  coat  of  loam  is  nibbed  on  with  the  hands,  then  well 
j)ressed  in  with  the  flat  side  of  a  l)oard  as  the  barrel  is  slowly  revolved. 
When  tliis  has  set,  tlie  core  l)oar(l.  A,  is  place<l  in  position,  and  the 
rougliing  coat  worked  on  to  the  core  to  within  alH)ut  }  inch  of  finished 
size,  riie  core  is  now  dried  in  the  oven.  Placing  the  core  again  on 
the  standards,  tlie  finisliing  coat  of  *^slip''  is  applied  with  the  core 
board  while  the  core  is  still  hot.  The  diameter  is  tested  with  calipers 
and  brought  to  re(|uircd  size  by  slight  adjustment  of  sweep  board  A. 
When  the  core  has  beiMi  built  to  size,  move  the  loam  l)ack  fnmi  the 
edge  of  board  A,  then  withdraw  the  board  while  the  **barrer*  is  still 
in  motion. 

*S7//>  or  sk'ntniiKj  loam  is  made  by  thinning  regular  loam  as  it  i> 
rubbed  through  a  No.  S  sieve.  The  heat  of  the  core  is  usually  suffi- 
cient to  dry  this  slip  coat  enough  so  that  black  wash  may  be  brushed 


454 


FOUNDRY  WORK 


on  and  slicked,  as  in  dry  sand  work,  Ikcforc  niiniinfj;  tlie  core  into  the 
men  ag^iin  for  its  final  baking. 

Tlie  service  of  the  hay  ropi'  (in  a  barrel  core  is   twofold.     It 
furnishes  a  surface  over  the  smooth  metal  of  the  barrel  to  which  loam 


Fig.  B3.    Making  Laam  Core  tor  CjUnder. 
will  adhere;  and  it  is  elastic  enough  to  give  as  the  casting  shrinks 
around  the  core.    The  hay  slowly  bums  out  after  the  casting  has  set, 
and  this  frees  the  barrel  so  that  it  can  easily  be  withdrawn  and  use<l 
a^ain. 


FOUNDRY  WORK 

PART  II 


LOAM  MOLDING 


The  loam  molder  requires  the  greatest  all-around  skill  in  the 
whole  range  of  foundry  work.  He  must  know  all  the  tricks  of  core 
room  and  dry  sand  shop,  and  most  of  those  in  green  sand.  Added  to 
all  this  he  must  have  a  practical  working  knowledge  of  the  principles 
of  drawing  and  must  possess  to  a  large  degree  the  foresight  of  the 
designer. 

In  order  to  save  time  and  luml)er  in  the  pattern  shop,  only  a  set 
of  sweeps  are  provided  if  the  mold  is  simple,  and  these  with  blue  prints 
of  the  piece  wanted,  is  all  the  molder  has  to  work  from.  In  intricate 
work,  such  as  a  modern  Corliss  cylinder,  a  skeleton  pattern  camming 
fhe  steam  chests,  etc.,  in  accurate  position  is  made.  And  in  some 
verj'  crooked  work  a  pattern  is  furnishe^l  complete.  As  a  rule,  how- 
ever, the  loam  molder  must  rely  upon  his  own  skill  and  ingenuity  for 
the  best  method  of  constructing  each  detail  of  the  work. 

Riggii^^*  The  equipment  for  the  loam  floor  varies  in  different 
shops.  In  Fig.  93  is  shown  the  essential  features  of  an  e(|uipment 
for  sweeping  up  circular  forms. 

The  spindle  a  should  be  large  enough  not  to  spring  when  being 
used,  and  long  enough  to  conveniently  clear  the  highest  mold.  A 
piece  of  2-inch  shafting  is  a  handy  size,  for  with  it  the  sweeps  may  be 
made  uniformly  1  inch  less  than  the  required  diameter  and  placed  snug 
to  the  spindle  when  set  up  and  correct  size  of  mold  is  ensured.  This 
spindle  .should  revolve  smoothly  in  a  step  h.  The  step  shown  may  be 
set  at  any  convenient  place  on  the  floor.  It  has  a  long  liaper  1  wearing, 
(see  section  A),  capable  of  holding  a  five-foot  spindle  without  need  of 
any  top  bearing  for  same.  The  three  arms  ser\e  to  make  the  step 
set  firm,  and  upon  them  any  plate  may  be  readily  leveled  up.  Where 
a  tall  spindle  is  used  the  spindle  socket  will  be  more  shallow,  the  step 
may  be  cast  without  arms  and  be  bedded  in  the  floor.  The  top  of  the 
spindle  is  steadied  by  the  bracket  c.     This  must  carrj^  a  l>earing  box  so 
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designed  that  tlie  sj)in<Ile  niiiy  l>e  readily  set  in  position  or  remove*!. 
And  the  bracket  must  swiii)^  huck  out  of  the  way  when  any  j»arts  of  the 
molil  are  to  be  liaiidled  by  tlie  cniiie. 

The  sweeps  are  attache*!  by  means  of  tlie  imvep  arm  d.  Tlic 
detail  B  shows  one  method  of  clamping  sweep  arm  to  spindle  by  using 
a  key.  The  arm  is  offset  so  that  one  face  hangs  in  line  with  the  center 
of  the  spindle.  Bolting  the  face  side  of  the  sweep  to  this  brings  the 
working  edge  in  a  true  radial  plane.  Sweeps  are  usually  made  from 
pine  about  1 }  inches  thick.  Tlie  working  edge  is  cut  to  the  exact 
contour  of  the  form  to  be  swept,  and  then  l>cvc]e<l  so  that  the  edge 


actually  sweepinj:;  the  surface  is  only  alxtut  I  inch.  For  very  ac- 
curate work  or  when  sweeps  are  to  l)e  much  u.sed,  the  edge  is  face<i 
with  thin  strap  iron  to  prevent  wear. 

We  have  seen  that  tlie  walls  of  green  anil  dry  .sand  molds  are  sup- 
ported Iiy  sand  packet!  into  flasks  and  that  these  flasks  may  I»e  lifted, 
turned  up  sideways  or  rolled  completely  over  to  suit  the  convenience 
of  the  workman.  The  facing  which  forms  the  wall  of  a  loam  mold  is 
snpporte<I  by  brickwork  built  upon  flat  plates  of  cast  iron,  and  laid 
in  a  weak  mortar  of  "mud,"  From  the  nature  of  their  construction, 
therefore,  these  molds  must  always  be  kept  perpendicular  when  being 
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hawned.  TTie  parts  may  Ik-  raiswl,  Itnvrrol,  i>r  iiii>vcil  in  any  liirrc- 
tion  horizontaHy,  but  thej-  must  not  1>e  tipp<?<l  or  niHed  nvvr. 

The  plates  are  cast  in  open  sand  molds,  as  illii.stmtetl  in  Fig.  56. 
Two  methods  are  employed  to  provide  for  handling  tlieni  l>y  the  crane ; 
either  lugM  are  cast  on  the  aigen  of  the  platej  (see  Fig.  93,  C,  D,  and 
K),  or  wrought  ataplea  are  cast  in  the  plates,  as  shown  in  the  example 
B,  Fig.  94,  or  in  the  crown  plate  of  the  main  cylinder  core.  Fig.  97. 

Three  typical  plates  for  a  loam  job  arc  .shown  in  Fig.  9.3,  C  is  the 
building  ftate;  it  should  be  at  least  IS  or  20  inches  larger  than  the 


TtK-  tit.    L^rltlft  lip  Ln; 

largestdiameterof  the  casting  t'l  Ik<  in:idt 

the  weight  of  the  entire  mold  without  Nprinfjii 


tliiik enough  to  support 


r>  shu 


cnpe 


ring;"  its  inside  diameter  shonl<l  clear  the  cjistiiig  2  inches  on  all  .sides. 
Tlie  face  should  be  S  to  VI  inches  wide,  ilcucndiii};  upon  the  height  of 
the  mold.  E  shows  a  curer  plate:  its  ditmii'ti-r  will  e[|nal  the  outside 
diameter  of  brickwork  on  that  part  of  the  inuld  which  it  will  cover. 
Here  the  loam  facing  is  plat^fl  <hrectly  on  thi-  iron,  and  mu.sl  U*  sup> 
ported  when  the  plate  stands  vertically  or  is  tiirncd  completely  over 
(C,  Kg.  96).    To  hold  the  loam  in  this  way.  "fingers"  or  "MickeTn" 
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are  fast  on  thest'  jilaU-s.  This  is  uccHniplisliM  by  simply  printing  the 
end  of  II  tiiperecl  stick  into  tht-  1h,i1  of  the  open  mold  whirh  shapes  the 
plates.  Thcst!  "sticker  plates"  are  often  used  for  a  piirjmst;  similar  to 
core  E,  Fig.  00,  and  sliape  the  outer  face  of  a  picked-out  flange.  This 
is  illustratol  in  I),  Fij;.  %. 

Materials.     Common  red  brwkn  are  best  for  miikiii^;  loam  molds. 
They  should  Iw  free  fmin  glaze  and  have  a  uniform  texture,  so  that 
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they  will  break  clean  when  it  is  necessari-  to  fit  them  to  the  shape. 
An  old  12-inch  half-roiuid  file  makes  a  handy  t<K)l  for  cuttinj;  these 
bricks.  Sometimes  bricks  are  molded  up  from  loam,  and  air-<lrieil. 
These  are  much  more  fragile  than  red  bricks,  and  may  be  used  in 
piKkcts,  or  where  the  shell  of  the  ca-sling  is  (|uite  thin,  and  ortlinar\' 
brick  mifjht  resist  the  shrinkage  .strain  to  .such  an  extent  as  to  en- 
daiif^cr  rriickiiig  the  ca.sling. 

For  laying  tip  the  brickwork,  "mud"  is  u.sed,  loam  facing  Wing 
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applit.ll  only  let  those  surfattw  wliich  <i>nic  in  u<-tiial  loiitact  with  the 
inm.  Mud  is  muile  from  burnt  louiii  r>r  olrl  fl<H>r  sanil.  inixeil  with 
cliiy  wash  tti  the  consistency  of  mortar. 

The  <-<>inpositioii  of  loam  facing  and  "slip"  have  dreaily  l)een 
jjiven  miller  hemi  of  Making  a  Karrel  ('ore. 

Cirulerx  are  an  important  material  in  this  wurk.  Their  si/^  will 
(lepeml  upon  their  position  in  the  mold.  For  working  in  Wtween  the 
hricks  they  should  lie  cru.shed  if  necessary;  put  thnnigh  a  No.  4  sieve 
to  remove  smallest  piecTS,  then  {>assed  through  a  No.  2  sieve  to  remove 
the  larger  pieces. 

Principles  of  the  Work.    The  names  of  the  main  jwirts  of  a  loam 
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mold  differ  somewhat  from  those  ipplinl  when  molding  in  flasks.  As 
will  l>e  seen  fntm  the  section  1  ig.  !)(>,  there  are  three  main  divi.sions 
in  the  mold  \  which  correspond-s  to  the  drag  in  a  three-part  mold 
is  called  the  core  B,  which  corresponds  to  the  check  is  called  the 
"cope"  in  loam  work.  Anii  C,  wliich  sen'es  the  same  purpose  as  the 
rope  of  a  green  sand  moldjs.spokenof  as  the  "roir;-"  in  loam  molding. 
When  the  central  c<ire  is  actually  maile  a  .separate  piece  as  in  Fig.  S)7, 
the  lower  part  of  the  mold  is  called  the  "bed"  or  "foiitulalion." 
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In  layifu/  up  a  loam  mold,  set  the  plate  central  with  the  spindle 
and  appnjximately  level.  Then  set  the  sweep  and  finish  leveling  the 
plate  until  repeated  measurements  at  the  four  quarters  of  the  circle 
show  a  uniform  space  between  the  lower  edge  of  the  sweep  and  the 
ourface  of  the  plate.  For  the  building  plate  this  measurement  should 
be  5  inches;  for  a  sticker  plate  the  .sweep  should  clear  the  sticker  points 
by  i  to  I  inch  awarding  to  the  thickness  of  the  rasting. 

The  hands  are  used  in'  spreading  mud  or  loam  upon  the  plates 
or  brickwork  when  building  the  moid.  The  bricks  must  always  be 
set  well  apart,  leaving  a  space  at  least  the  width  of  a  finger  between 
them  Fill  in  these  spaces  » ith  fine  cinders  The  reason  for  this  is 
fourfold  It  facilitates  drying  it  provides  good  vent  it  will  gne  or 
cniah  sufHcienth  when  the  casting  slinnks  not  to  cause  undue  strain 
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and  It  raludi  the  lal)or  in  deining  In  each  course  of  bnrks  the 
joints  sliouid  Iea<l  ii  dirtcth  i""  possible  away  fnim  the  <asting  hut 
the  joints  should  l*e  broken  between  courses  These  points  ire  illus- 
trated in  tlu  skttthA  tig  04  \.s  shown  the  first  two  courses  of  the 
core  arc  iisualH  set  ed^cw  ise  J  or  the  rest  of  the  core  and  for  the  cope 
the  bruks  are  laid  flat  These  bntk-s  run  lengthwise  around  the 
circumfercnf t-  with  i  (ourse  of  headers'  about  every  four  to  six 
courses 

Cinders  lietweeii  the  bricks  form  the  ordinar}  means  of  leading 
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the  vent  from  the  loam  facing.  In  confined  places  or  "pockets,"  as 
for  example,  between  the  flange  D  and  the  main  casting,  Fig.  96, 
additional  provision  is  made  by  laying  long  wisps  of  straw  between 
the  courses  of  bricks.  The  service  of  the  straw  is  similar  to  the  hay 
rope  of  a  barrel  core. 

The  joint  in  loam  work  is  made  by  a  plate  lifting  away  from  a 
loam  seat  or  two  loam  surfaces  separating  one  from  another.  In  fonn- 
ing  the  first  of  these  the  loam  seat  is  swept  up  and  allowed  to  partially 
set,  then  the  surface  is  brushed  with  oil,  and  parting  sand  thrown  over 
it.  The  seat  should  then  be  soft  enough  to  allow  the  iron  plate  to 
sink  into  it  suflBciently  to  find  a  good  bearing,  while  the  oil  and  parting 
sand  will  prevent  the  loam  facing  from  adhering  to  the  underside  of 
the  plate.  For  the  loam  to  loam  joint,  the  same  method  is  used,  but 
the  loam  is  allowed  to  set  somewhat  harder  before  building  the  joint 
against  it.     The  angle  of  the  main  joint  should  be  about  1  in  4  inches. 

To  insure  the  different  parts  being  put  together  for  casting  in 
exactly  the  same  position  in  which  they  were  built,  a  guide  surface  of 
loam  is  smoothed  across  the  joint  at  three  or  four  convenient  points  on 
the  outside  walls  of  the  mold.  These  surfaces  are  each  marked  differ- 
ently with  the  edge  of  the  trowel,  similar  to  the  cut  at  C,  Fig.  94. 

To  properly  separate  and  finish  some  molds  it  is  necessary  to  lift 
away  a  portion  of  the  mold  before  lifting  the  main  part.  Such  a  por- 
tion is  called  a  draw-back.  The  draw-back  is  always  built  up  in 
position  against  a  pattern  or  sweep.  With  the  cover  plate,  which  on  a 
smaller  scale  often  serves  the  same  purpose,  (see  I),  Fig.  96),  a  flat 
joint  is  made  on  the  outer  wall  of  the  mold,  but  the  cover  plate  is  swept 
up  separately.  At  No.  3,  Fig.  97,  is  shown  a  draw-back  which  carries 
but  a  few  courses  of  brick.  It  may  be  lifted  away  by  lugs  cast  in  the 
draw-back  plate  with  little  danger  of  displacing  its  brickwork  in  hand- 
ling. 

If  the  shape  of  the  draw-back  renders  it  impracticable  to  handle  it 
by  the  lower  plate  alone,  the  brickwork  should  be  lx)uiul  together  by 
means  of  hook  bolts  which  clamj)  on  a  top  plate  set  sufficiently  below 
the  upper  joint  to  l>e  entirely  protected  from  the  metal.  This  upper 
plate  has  staples  cast  in  it  by  which  the  whole  draw-back  may  l)e  lifted. 
At  B,  Fig.  94,  the  typiciil  construction  of  such  a  piece  is  illustrated. 
The  drawing  shows  one  half  the  length  of  the  brickwork  remove<l  to 
bring  out  more  clearly  the  rigging  used.     The  upper  end  of  the  second 
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lifting  staple  shows  at  a,  with  the  loam  cut  neatly  away  to  allow  hook- 
ing into  the  staple. 

Where  the  main  core  will  lift  away  or  will  be  covered  with  metal 
over  its  top,  it  must  l)e  bound  together  in  a  similar  manner.  This  is 
illustrated  in  the  mold  for  the  marine  cylinder,  Fig.  97,  in  which  both 
of  these  conditions  occur. 

If  a  casting  has  an  internal  flange  re(|uiring  thickness  of  metal 
underneath  the  main  core,  the  rigging  will  be  altered  to  fit  these  con- 
ditions, as  shown  at  D,  Fig.  94.  In  this  sketch  a  is  a  sticker  plate  and 
so  w^ill  carrj'  the  loam  necessary  to  face  the  bottom  of  the  core.  To 
this  the  small  bearing  plate  h  is  securely  lx)lted  by  the  hook  bolt  c. 
This  plate  must  set  directly  upon  solid  brickwork,  as  it  carries  the 
weight  of  the  entire  core.  On  this  bearing  plate  are  cast  three  studs 
which  finnly  sup|X)rt  the  sticker  plate  at  the  retiuireil  height  al>ove  the 
flange  surface.  The  sticker  plate  carrj-ing  this  print  is  filled  with 
loam  or  drj'  sand  and  given  a  first  baking,  then  swept  to  a  finished 
surface  before  being  inverted  into  |X)sition.  Then  the  remainder  of 
the  core  is  built  up  on  top  and  bound  together  as  in  the  previous  ex- 
ample. Another  way  to  fonn  the  bottom  of  this  core  is  to  sweep  up  a 
dummy  flange,  rf,  in  mud.  Set  the  bearing  plate  h  and  work  in  the 
loam  around  the  studs  to  form  the  short  *'neck"  to  the  level  of  the  top 
of  the  flange.  '^Fhen  spread  over  this  flange  \  inch  of  loam  and  l)ed 
down  onto  this  the  sticker  plate  which  has  l)een  previously  filled  with 
loam  and  dried,  as  will  l)e  descriljed  below.  Be  sure  that  the  studs  on 
h  bring  up  to  a  firm  l)earing  against  the  plate  a,  tlien  damp  tight  with 
hook  bolts  and  proceed  to  sweep  up  the  body  of  (lie  core. 

In  case  a  cover  plate  must  be  bedded  down  against  a  flat  surface, 
as  in  the  example  just  mentioned,  or  must  taki^  the  impression  of  an 
irregular  surface  on  the  top  of  a  mold  or  pattern,  as  illustrated  in  Fig. 
07,  the  method  to  pursue  is  as  follows:  After  casting,  invert  the  ])late 
and  carefully  lower  it  into  position  and  make  sure  that  all  fingers  clear 
the  surface  by  at  least  \  or  J  inch.  Now  set  the  plate  with  (he  fingers 
up,  fill  in  with  loam  enough  to  just  clear  their  tops,  leaving  the  proper 
opiMiings  for  runners,  risers,  tie  bolts,  etc.,  and  drj^  thoroughly  in  the 
oven.  Tpon  removal  from  the  oven  invert  and  try  this  loam  covct 
again  on  the  surface  it  must  fit;  scraping  away  any  portions  which 
project  too  much.  Now  hoist  away  the  cover  and  coat  the  face  with 
clay  wash.     Having  previously  prepared  the  surface  of  the  pattern 
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^itli  oil  an<l  any  loam  joint  with  oil  and  parting  sand,  spread  an  even 
thickness  of  fresh  loam  all  over  and  bed  the  plate  down  upon  this. 
The  cover  plate  being  still  hot  wiU,  bv  the  aid  of  the  clay  wash,  cause 

the  thin  laver  of  fresh  loam  to  drv  out  and  stick  fa^st  to  the  drv  loam 

•  •  • 

forming  the  body  of  the  plate. 

BUILDING  A  SIMPLE  MOLD 

As  an  example  of  a  simple  loam  mold  consider  a  large  casting, 
having  the  shape  of  the  frustrum  of  a  cone,  with  a  flange  at  the  top  and 
bottom  and  a  flanged  nozzle  pmjecting  from  one  side.  Tlie  section  is 
clearly  shown  in  Fig.  90. 

Set  the  sweep,  level  up  building  plate,  and  building  the  brickwork 
as  shown  in  A,  Fig.  94,  sweep  the  seat,  joint,  and  Ix^ttom  surface  of 
flange  as  shown  at  A,  Fig.  95.  The  lower  flange  may  Ije  former!  by  a 
wooden  pattern  furnished  by  the  pattern  maker,  but  it  is  more  com- 
mon to  have  the  sweep  made  with  the  small  boanl  x,  which  may  \ye 
removed.  By  doing  this  the  exact  shaj>e  of  the  flange  may  l)e  swept 
up  without  changing  the  main  sweep,  as  shown  at  B,  Fig.  95.  This 
dummy  flange,  as  it  is  calle^l,  is  swept  up  from  fairly  stiff  **mud."  The 
next  step  is  to  seat  the  cope  ring  and  set  the  cope  sweep,  as  shown  at  C, 
Fig.  95.  This  sweep  shapes  the  mold  for  the  outside  of  the  casting, 
for  the  top  flange,  and  for  the  top  joint  of  the  mold.  I^oam  is  thrown, 
a  handful  at  a  time,  against  tlie  joint  and  dummy  flange,  and  the  en- 
gaging faces  of  bri(?ks  rubbe<l  with  loam  and  pressed  into  position. 

When  the  top  of  the  lower  flange  is  reached  in  this  way,  the 
courses  are  laid  up  for  aJx)Ut  two  feet  l)ef()re  the  loam  is  spread  upon 
their  inner  surface  and  struck  off.  This  method  is  jnirsued  until  the 
mold  is  built  to  its  full  height. 

The  pn)jecting  nozzle  is  formed  by  a  wo^nlen  pattern;  this  should 
be  well  oile<l,  and  the  brickwork  and  loam  laid  up  under  it  to  support 
it  at  the  pro]x?r  level,  as  given  by  the  center  line  on  the  pattern  and 
corresponding  line  on  the  sweep.  Such  projections  fre(|uently  must 
l>e  supporte<I  in  exact  position  by  teniporarj'  wtHxlen  framework  or 
"skeleton"  work  until  the  mold  is  built  up  under  them. 

A  finger  i/  nailed  to  the  top  meml)er  of  the  c()j)e  sweep,  shape.",  the 
guide  surfaces  on  the  outside  of  the  mold  which  are  used  to  center  the 
cover  plate  in  closing  the  mold.     A  similar  finger  exactly  the  same 
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n  tbe  spimlle.  is  fastened  to  the  sweep  used  to  form  the 
cover        e. 

1  er  Uie  finishing  L-oat  of  slip  has  l)een  swept  on  the  siirface  of 
the  cope,  a  joint  surface  about  4  inches  wide  is  struck  off  flush  with  the 
out^r  fac-e  of  the  nozzle  and  that  pattern  is  drawn  out. 

Then  the  whole  cope  is  Ufteii  off  and  set  on  iron  supports  where  it 
may  be  conveniently  finishetl  with  black  wash  antl  slicks.  It  is  then 
baked  over  night  in  the  oven. 

The  dutntny  flange  is  now  entirely  removed  from  the  first  part 
swept,  the  core  sweep  is  set,  see  D,  Fig.  9o,  and  the  center  core  is 
struck  up.     This  core  is  t  "n    I,  slicked  off  and  Ijaked.     The 

cover  plate  is  .struck  ofl'  with  uic  ers"  up,  and  baked  so.    Tbli 

cover  carries  six  1-inch  round  1  rough  it     These  holes  will  be 

just  over  the  shell  of  the  metal  v  ■  mold  is  closed.     Five  of  them 

connect  with  the  pouring  ba.sin  a  ve  as  runners,  while  the  sixth 

ser\'es  as  a  riser. 

In  assembling  the  mold  for  pouring,  the  core  is  first  set  on  a  ievd 
bed  of  sand,  the  cope  is  accurately  closed  over  it  by  the  aid  of  the  guide 
marks,  and  lastly  thfe  cover  plate  is  clc  ^  in  position.  Now  the  whole 
mold  is  firmly  clamped  by  blocking  ander  the  spider,  from  which 
wrought  iron  loops  or  "strings"  connect  under  the  lugs  of  the  building 
plate,  as  shown  in  Fig.  96. 

The  small  core  for  the  nozzle  is  now  set,  resting  on  stud  chaplets. 
The  cover  plate  I)  is  .slid  over  the  enfl  of  this  core  and  thus  holds  it 
firmly  in  position. 

The  <asing  is  now  placet!  around  the  mohi  and  molding  sand 
rammed  in  to  snp|H)rt  the  bricks  against  the  casting  pressure.  At  the 
level  of  the  nozzle  core,  cinders  are  place<I  and  a  pi]>e  leads  off  to  earn,' 
away  the  vent  giises.  The  sand  is  rammed  to  about  12  inches  over  the 
cover  plate  and  in  it  are  cut  the  channels  connecting  the  pouring  basin 
and  runners.  A  couple  of  bricks  are  set  in  the  bottom  of  the  basin 
to  receive  the  first  fall  of  metal  from  the  ladle. 

In  pourini;,  the  runners  must  l>e  flooded  at  once  and  kept  so  until 
the  mold  is  full. 

In  lieavy  cylirnliical  callings  it  was  fonnerly  thought  necessar;-  to 
earn,-  the  .shell  of  the  caslini;  some  0  inches  higher  than  the  top  flange. 
Thi-s  "head"  s<T\eil  (n  cnlli-ct  ail  dirt  aii.l  shifi  that  pen'bauce  entewl 
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the  mold  with  the  iron.-  It  was  cut  off  in  the  machine  shop  and 
returned  to  the  foundry  as  scrap. 

\^'ith  the  increased  knowledge  of  iron  mixtures  this  head  is  now 
done  away  with  in  most  instances. 

WTiere  a  large  casting  is  to  finish  practically  all  over,  and  very 
clean  metal  is  therefore  necessary,  overflow  channels,  connecting  with 
pig  be<is,  are  often  constructed  in  modem  practice.  Then  when  pour- 
ing, the  metal  is  not  stopped  until  a  certain  percent  of  it  has  been 
flowed  entirely  through  the  mold.  This  of  course  tends  to  wash  out 
any  dirt  which  may  have  gotten  into  the  mold  when  pouring  began. 

When  the  casting  is  cold  the  casing  and  packing  sand  are  removed, 
as  well  as  the  blocking  under  the  spider.  Then  the  whole  mold  is 
carried  to  the  cleaning  shed  where  the  bricks  are  removed  and  the 
casting  cleaned. 

BUILDING  AN  INTRICATE  MOLD 

As  an  example  of  a  complex  piece  of  loam  work,  let  us  consider 
the  molding  of  a  modem  marine  engine  cylinder,  as  shown  in  section, 
Fig.  97.  The  example  given  is  that  of  a  double-ported  low-pressure 
cylinder  of  a  triple  expansion  type.  In  tliis  case  a  full  wooden  pattern 
should  be  built,  with  core  boxes  for  the  various  dry  sand  cores  that 
enter  into  the  construction  of  the  mold. 

The  limits  of  this  paper  prevent  our  going  into  great  detail  in  this 
matter;  we  will,  therefore,  confine  ourselves  mainly  with  an  explana- 
tion of  the  drawing,  Fig.  97.  The  heavy  building  plate  has  a  spindle 
opening  somewhat  to  one  side  of  its  middle  to  be  under  the  center  of 
the  cylinder.  Upon  this  building  plate  the  foundation  of  the  mold  is 
swept,  canying  the  seat  for  the  cope  ring,  the  bottom  face  of  the  flange, 
and  the  seat  for  the  main  cylinder  core.  The  cope  ring  No.  1  is  made 
wide  enough  on  one  side  to  carrj'  that  part  of  the  mold  forming  the 
steam  chest.  The  main  cylinder  core  No.  2,  the  constmction  of  which 
has  already  been  explained,  is  next  swept  up  and  lifted  away,  finished 
and  baked.  Now  the  cope  ring  is  seated  and  the  meld  built  and  stmck 
off  for  the  bottom  of  the  steam  chest  on  a  level  with  the  bottom  face  of 
flange.  Then  the  pattem  may  be  ^^\.  Its  position  is  accurately  de- 
termined by  the  main  cylinder  print  and  the  smaller  prints  of  the  steam 
chest  which  are  l)edded  into  the  loam  in  accordance  with  measure- 
ments along  a  radial  line  marked  off  on  the  loam  surface.     With  the 
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pattern  well  oiled  the  cope  is  built  to  the  height  of  the  upper  flange 
of  cylinder;  the  entire  back  of  the  steam  chest  core  print  being  left  open. 
The  top  of  the  steam  chest  is  lifted  off  with  the  draw-back  No.  3,  which 
joints  at  the  middle  of  the  upper  steam  nozzle,  and  carries  that  part 
of  the  mold  to  the  level  of  the  main  cope  joint.  The  two  steam  nozzles 
and  the  exhaust  nozzle,  may  l>e  made  with  separate  cores  as  explained 
in  D,  Fig.  96.  By  using  the  draw-back  the  entire  top  of  the  chest  core 
print  is  left  open  for  convenience  in  setting  the  chest  and  port  cores. 

The  top  of  the  cylinder  is  jacketed,  and  through  it  pass  the  stuffing 
box  and  manhole  openings.  The  flanges  of  these  two  openings  con- 
nect and  in  the  pattern  are  left  loose.  The  whole  top  surface  is  so 
irregular  that  it  requires  three  levels  of  sticker  plates  to  mold  it,  aside 
from  two  small  cover  plates  over  flanges. 

To  the  main  cover  No.  4-4-4-4  with  its  various  length  of  fingers, 
is  bolted  a  "crab"  5-5-5  to  carry  the  loam  below  the  flanges  of  the  stuff- 
ing box  and  manhole;  and  below  this  again  are  hung  the  dry  sand 
cores.  No.  8-8-8,  forming  the  jacketed  part  of  the  cylinder  head.  On 
top  of  the  main  cover  is  fastened  a  separate  plate.  No.  6,  to  shape  the 
top  of  the  upper  steam  inlet.  And  at  No.  7  a  plate  with  wrought  iron 
bars  cast  along  its  edge  carries  the  loam  back  of  the  steam  chest  flange. 
The  small  cover  plates.  No.  9  and  No.  10,  allow  the  flanges  to  be  drawn 
for  the  parts  which  they  mold. 

The  pattern  is  made  in  many  parts  so  as  to  properly  draw  from 
the  mold.  When  this  has  l)een  done,  all  mold  surfaces  are  carefullv 
blackened  and  slicked  before  baking. 

While  the  mold  proper  is  being  built,  the  dry  sand  cores  should  l^e 
made  up  by  the  core  makers,  with  the  necessary  rods,  hangers,  vent 
cinders,  etc.,  as  described  under  Core  Making. 

The  manhole  core,  No.  11,  is  made  with  a  stop-off  piece  in  the 
box  to  give  the  proper  angle  at  the  bottom  of  the  core.  It  is  hung  to 
the  cover  and  clears  the  main  core  by  \  inch.  The  stuffing  box  core 
rests  in  a  print  in  the  main  cylinder  core,  and  is  held  by  a  taper  print 
in  the  cover  plate,  No.  10. 

The  jacket  cores  are  hung  as  shown.  The  openings  made  in  the 
loam  above  the  crab,  to  allow  the  hook-bolts  to  be  drawn  up  tight,  are 
stopped  off  with  green  sand  as  previously  described.  The  inlet  cores 
No.  12-12,  the  exhaust  core.  No.  13,  and  the  lightening  cores.  No. 
14-14-14,  are  all  bolted  directly  through  the  steam  chest  core,  No.  15, 
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to  horizontal  bars  which  are  long  enough  to  bear  against  tlie  sides  of 
the  mold  at  the  back.  The  upper  inlet  core,  No.  12,  is  kept  from  lift- 
ing under  the  pouring  strain  by  being  bolted  to  the  body  of  the  main 
cj'linder  core.  Stud  chaplets  are  also  set  between  the  inlet  and  ex- 
haust cores  to  ensure  correct  thickness  of  metal  at  these  points. 

The  vent  is  taken  off  from  the  main  cylinder  core  through  the 
stuffing  lx>x  core  at  the  top.  Sometimes  a  small  ladle  full  of  metal  is 
poured  through  this  opening  when  the  piece  is  being  poured  to  ensure 
lighting  these  gases.  The  vent  for  the  series  of  port  cores  is  taken  off 
by  ramming  a  cinder  bed  up  the  entire  back  of  the  steam  chest  core, 
allowing  the  gases  to  escape  at  the  top.  For  safety,  also,  vents  are 
taken  from  the  bottom  of  the  port  and  chest  cores  by  the  usual  pipe 
vent. 

The  provision  for  pouring  this  mold  retjuires  especial  attention. 
Notice  the  construction  of  the  main  basin,  No.  10.  The  long  runner, 
No.  17,  leading  to  the  lx)ttom  gate,  is  left  open  on  one  side  when  the 
mold  is  built  so  that  it  may  l^e  easily  finished  and  kept  free  from  dirt. 
Its  open  side  is  closed  by  cover  cores  when  the  mold  is  rammed  up. 

Ten  or  twelve  small  gates  like  No.  IS  are  connected  by  semi- 
circular channels  with  the  pouring  basin,  but  so  placed  that  no  metal 
shall  fall  on  a  core.  With  the  basin  arranged  as  shown,  the  bottom 
part  of  the  mold  is  first  flooded  with  iron.  When  this  has  been  done 
the  metal  is  poured  in  faster  so  that  hot  iron  is  well  distributed  around 
the  shell  of  the  casting  through  the  small  top  gates.  Should  the  mold 
Ije  poured  at  first  from  these  top  gates,  the  fall  of  the  iron  through  the 
full  height  of  the  cylinder  to  the  lower  flange  might  result  in  **cutting'' 
the  loam  on  that  surface. 

Molds  of  this  size  are  usually  rammed  in  a  pit  so  as  to  bring  the 
pouring  basin  conveniently  near  the  floor,  "^rhe  portion  above  the 
floor  level  is,  of  course,  rammed  inside  a  casing,  as  descril)ed  in  the 
previous  example. 

To  guard  against  uneven  cooling  strains  in  this  intricate  casting, 
the  clamping  pressure  on  the  mold  is  relieved  when  the  metal  has 
solidifie<l,  but  the  sand  is  not  removed  from  around  the  brickwoik  for 
several  days.     This  allows  ver\'  gradual  even  cooling. 

It  will  l>e  noticed  that  the  piston  dcK's  not  work  <lir<»ctly  n[K>n  the 
inner  walls  of  this  tj'pe  of  cylinder.  A  separate  hollow  shell  <jr  lining 
is  cast  of  strong,  tough  inm.     This  has  outside  horizonUil  ribs  at  top 
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and  bottom  and  middle,  which  are  turned  to  fit  correspondingly  pro- 
jecting ribs  seen  on  the  inside  of  the  casting  just  under  consideration. 
An  air  space  is  thus  left  l>etween  lining  and  main  casting  which  forms  a 
jacket  around  the  bore  of  the  cylinder. 

MELTING 

The  subject  of  melting  the  metal  which  is  to  be  poured  into  molds  is 
one  of  the  most  important  considerations  in  the  found  rj'.  It  is  also  one 
which  has  received  much  attention  in  the  last  few  vears,  the  endeavor 
being  to  get  away  from  the  old  rule-of-thumb  methods  and  to  arrive 
in  the  iron  foundry  at  something  near  the  precision  in  resulting  metal 
that  is  already  attained  in  the  brass  shops  or  the  steel  f()undr}\ 

The  heat  for  all  melting  is  obtained  from  practically  the  same 
two  chemical  elements — namely,  carbon  and  oxygen,  carbon  coming 
from  the  fuel,  be  it  coal,  coke,  oil,  or  gas;  and  oxygen  coming  from 
the  air  of  the  blast. 

The  design  of  the  furnace,  the  kind  of  fuel  used,  and  the  applica- 
tion of  the  blast,  vary  in  accordance  with  the  peculiar  properties  of  the 
different  metals  and  the  degree  of  heat  required  to  melt  them. 

The  melting  of  steel  and  of  copper  alloys  will  be  dealt  with  under 
separate  headings.  We  shall  now  consider  only  the  melting  of  foundry 
irons. 

Foundry  iron  is  melted  in  direct  contact  with  the  fuel  in  a  cupola 
furnace.  The  ntime  was  derived  from  the  resemblance  of  the  furnace 
to  the  cupola  formerly  very  common  on  the  top  of  dwelling  houses. 

The  cupola  consists  of  a  circular  shell  of  boiler  plate  lined  with  a 
double  thickness  of  fire  brick  and  resting  on  a  s(|uare  l^edplate  with 
a  central  opening  the  size  of  the  inside  of  the  lining.  This  bottom 
is  supported  some  3j  feet  above  a  solid  foundation,  on  four  cast-iron 
legs.  The  bottom  oj>ening  may  be  closed  by  cast-iron  doors,  which 
swing  up  into  position,  an<l  are  held  so  by  an  upright  iron  bar  pla(*ed 
centrally  under  them.  These  doors,  protected  by  a  sand  l)ed,  support 
the  charge  during  the  heat,  and  ^Mrop'*  it  out  of  the  furnace  when  all 
the  iron  has  l>een  melted.  The  legs  cutyo  outward  and  the  doors  are 
hinged  as  far  back  as  possible  to  protect  them  as  much  as  can  Im»  from 
the  heat  of  this  *Mrop.*'  Several  ft»et  above  the  lM)tt()m,  there  is  a 
door  in  the  si<Ie  of  the  stack,  through  which  the  stock  is  chargt*<l  into 
the  furnace.     At  one  side,  level  with  the  bottom,  is  the  hreasi  opening. 
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at  which  plai-e  the  fire  is  Iighte<l,  and  in  which  the  fap-holr  is  formed 
for  drawing  off  the  niehed  metal.  The  spout,  protected  bv  a  fire-sand 
mixture,  projects  in  front  of  the  brea^st  and  guides  the  metal  into  the 
ladles.  Oblong  openings  called  tuyeres,  are  placed  about  12  inches 
above  the  bed,  and  connect  with  an  air-tight  wind-box  which  sur- 
rounds the  outside  of  the  stack  near  the  base.  The  tuv^res  direct  the 
blast  into  the  fuel,  increasing  the  heat  sufficiently  to  melt  the  charge. 
Opposite  each  tuyere  is  an  air-tight  sliding  gate  with  a  peephole. 
This  allows  the  melter  to  look  directiv  into  the  furnace. 

In  the  larger  cupolas  a  second  set  of  tuyeres  is  arranged  about 
10  inches  above  the  main  ones.  They  are  used  when  long  heats  are 
run  off,  to  make  up  for  loss  of  wind  caused  by  the  main  tuyeres  be- 
coming partially  choked  by  slag.  On  cupolas  over  36  inches  inside 
lining,  a  slag-hole  is  provided.  This  is  similar  to  the  tap-hole,  and  is 
placed  opposite  the  spout  and  about  2  inches  lower  than  the  main 
tuyeres.  Fig.  98  shows  a  section  through  a  modern  cupola  furnace, 
and  will  need  but  little  further  explanation. 

In  lining  the  stack,  the  layer  next  the  shell  is  usually  made  of 
boiler-arch  brick  about  the  size  of  regular  fire  brick.  These  are  set 
on  end,  and  should  be  fitted  as  tightly  together  as  possible,  and  laid 
in  a  thin  fire  cement,  made  of  verj'  refractor}-  fire  clay  and  fine,  sharp 
silica  sand.  The  object  is  to  fill  everj-  crevice  with  a  highly  refractory 
material.  Specially  made  cur\'ed  fire  brick  can  be  purchased  for  the 
inside  lining,  although  some  foundrj'men  use  the  arch  brick  for  this 
lining  as  well.  The  lining  over  the  tuyeres  is  shaped  to  overhang  them 
slightly,  to  prevent  melted  slag  dropping  into  them  during  the  heat. 
The  lining  bums  out  ,cjuickest  al)out  22  inches  above  the  tuyferes  at 
what  is  practically  the  melting  zone.  The  angle  shelves  riveted  to 
the  shell  (see  cut)  allow  this  section  of  the  lining  to  l>e  renewed  without 
disturbing  the  rest  of  the  stack. 

The  height  of  the  tuyeres  above  the  l)ed  varies  with  the  class  of 
work  to  be  poured.  \Miere  the  metal  is  tapped  and  kept  running  con- 
tinuously and  is  taken  away  by  hand  ladles,  as  in  stove-plate  work, 
the  tuyeres  are  as  low  as  8  inches  or  1 0  inches  above  the  bed ;  while  in 
shops  where  several  tons  of  metal  may  be  required  to  fill  one  mould, 
the  tuyeres  are  as  high  as  18  inches  above  the  bed.  The  height  of  the 
qx)ut  above  the  molding  floor  also  varies  in  the  same  way;  for  hand 
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laiile  w«irk  it  mav  Ik-  \hh  1^  iiiiiRS  aUive  the  Htmr.  wlulo  it  hejplit  of 
■">  iir  li  feet  mav  Ite  Te<|iiirei)  to  :<tw  llie  Ijii^^-st  craiif  laill<-s. 

The  H»-umpiiiiviti<:  tulile.  preiKiT\il  l>v  I*r.  Filwiu  Kirk,  pives 
the  iipproximuie  height  aiul  si;tf  of  4-har^ii^  <l(Mir  iiiiil  tli<'  (imrlieal 
meltinj;  cMpaeiiy  of  cii|Mihis  of  ihtfemit  ihaiiictcrs: 
TABLE 
Mmenslons  and  Capacities  of  Cupola  Pnrnaces 


Camiiixa  Dooh 


A  platform  or  ncaffdd  is  conslnictetl  at  a  convenient  level  below 
the  charging  (l<K)r.  and  all  stock  is  charged  into  the  cupola  from  this 


platform.     It  should  lie  ut  lea.st  large  enough  to  store  the  stock  for  the 
first  two  charges  of  fuel  and  iron. 

Blast  for  the  cupola  is  furnished  by  citlier  ii  fan  Mower  <ir  a  pres- 
sure blower.  Fig.  !)0  shows  a  moilem  fan  blower,  the  l>last  wIim-I  for 
(he  same  l»einp  shown  at  A.     The  high  speol  of  (he  blades  forces  the 
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air  by  ceiitrifugul  iu'tioii,  away  from  tlie  center  of  the  shaft.  The 
casing  is  so  desigiiol  that  the  blades  "iiil  off"  us  it  were  at  the  top  of 
the  main  outlet,  the  air  lieing  thus  foR-ert  through  the  blast  pipe.  The 
current  of  air  is  continually  lieing  drawn  into  the  fan  through  the  cen- 
tral opening  around  the  shaft. 

An  idea  of  the  spee<ls  at  which  blowers  should  run  may  be  ob- 
tained from  the  following  data:  An  18-inch  blower,  at  a  speed  of 
4,100  revolutions  per  minute,  gives  5  ounces  pressure;  a  24-inch  at 


7'\i)  revolutions  piT  minute  gives  (i  ounces  pres.sure;  a  3ti-inch,  at 
2,000  revolutions  per  minute  gives  10  ounces  pressure;  a  48-inch,  at 
2,000  revolutions  per  minute  gives  14  ounces  pres.sure. 

Since  air  is  very  elastic,  and  the  pre.'wure  in  this  ca,se  depends 
entirely  upcwi  the  centrifugal  action  (if  the  blades,  should  the  tuyeres 
become  clogged,  the  amount  of  air  forced  into  the  furnace  will  l>e  re- 
duced projwrtionately.  On  the  other  hand,  it  re()uires  less  power  to 
operate  the  fan  with  reduced  area  of  outlet  than  it  does  when  the  dis- 
chiirge  is  open  free. 

In  the  pressure  blower  .show^l  in  Fig.  100,  the  action  is  positive, 
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a.1  will  1)c  -seen  fn>m  the  scctipnal  view  (A,  Fig.  100).  The  wipers 
mesli  into  wich  other  in  such  a  way  that  they  entrap  a  quantity  of  air 
an<]  forx-e  it  out  of  the  opening. 

The.full  quantity  of  air  is  therefore  forced  through  the  tuyferea  at 
all  times.  In  such  ca.se  the  power 
necessarj-  to  operate  the  blower  in- 
creases as  the  tuyeres  become 
choke<i  and  the  e.xces.sive  force  of 
the  blast  due  to  ch<iked  tuy&re.s  is 
hard  on  the  lining  of  the  cupola. 

The  cupola  shouki  have  a  blast- 
gauge  attached  to  the  wind-box  to 
mea.sure  the  pressure  of  air  which 
enters  the  tuyeres.  The  pres.'sure 
should  be  sufficient  to  force  the  air 
into  the  middle  of  the  cupola  to 
Insure  complete  combustion.  The 
unit  of  air-pres.sure  is  one  ounce. 
From  8  to  10  ounces  is  appro.xi- 
mately  the  range  usual  in  cupolas  of 
from  48  inches  to  70  inches  inside 
lining. 

This  pressure  is  measured  by 
the  displacement  of  water  or  mcr-  ^"'-  ""•   '''""' «'"'«'' 

curj'  in  a  U-shaped  tube.     With  both  legs  of  the  fulje  the  same  size- 
as  in  Fig.  101,  the  graduations  on  leg  A  represent  the  pressure  of 
double  that  height  of  liquid,  as  follows: 
L  With  triilrr:  1,73  inchcH  hciRhl  =  1  oz.  prewurp;  then  graduiitinn.i  oqual 


^fr^ 


1^ 


With   nicrrvnj:  .127  inch  hiiRlit  ^ 


:.  pressure;  thou  gnidiiationa  equal 


As  this  would  be  too  small  for  practical  use,  mercury  gauges  are  made 
with  increase<l  area  exposal  to  blast  pressure  (see  B,  Fig.  101)  and 
are  graduated  accordingly.     (Review  chapter  on  Pressure  in  Molds.) 
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OPERATING  THE  CUPOLA 

The  following  routine  must  l>e  pursued  each  time  a  heat  is  run 
off  in  the  cupola: 

Clear  away  dump  from  former  heat. 

Chip  out  the  inside  of  furnace  with  special  hand-pick,  removing 
the  lumps  of  slag  which  collect  about  the  lower  part  of  the  cupola  walls, 
especially  above  the  tuyeres.  Where  the  slag  coating  is  comparatively 
smooth,  do  not  touch  it,  as  that  is  the  best  coating  possible  for  the 
lining. 

Daub  up  with  a  mixture  of  fire  sand  held  together  with  about 
1  to  4  fire  clay,  and  wet  with  clay  wash,  to  a  consistencv  of  thick  mor- 
tar.  Smear  the  surface  to  be  repaired  with  clay  wash;  then,  using 
the  hands,  plaster  the  daubing  mixture  into  the  broken'spots  in  the 
lining,  l)eing  careful  to  rub  it  in  well,  especially  about  the  tuyeres. 
The  top  of  the  tuyeres  should  be  kept  slightly  overhanging,  for  the 
reason  already  given. 

The  greater  part  of  the  daubing  will  be  required  from  the  bottom 
to  level  of  melting  zone,  about  22  inches  above  tuyeres. 

Swing  up  lx)ttom  doors,  and  support  by  prop  of  gas  pipe. 

Build  boffom;  first  cover  doors  with  a  1-inch  layer  of  gangway 
sand  or  fine  cinders;  then  ram  in  burnt  sand  tempered  alx)ut  the  same 
as  for  molds.  This  must  be  rammed  evenly  all  over  the  bottom, 
and  especially  firm  arouml  the  edges.  Build  the  bottom  higher  at 
sides  and  back  so  that  metal  will  flow  toward  spout.  The  pitch  varies 
with  size  of  cupola;  1  inch  to  the  foot  will  answer  for  cupolas  of  24 
inches  to  .']()  inches  inside  lining,  while  A  that  pitch  will  do  for  the 
larger  furnaces. 

The  cupola  bottom  should  i)e  ai)lc  to  vent  so  that  it  will  dry  out 
cjuickly,  and  not  cause  the  metal  to  "boil"  before  the  furnace  is  tapptnl. 
It  should  i)e  strong  enough  to  hold  its  surface  during  the  heat,  but 
break  and  drop  at  once  when  tlie  bottom  is  dropped.  Too  much  f)itch 
causes  excess  of  pressure  on  the  hoft,  making  trouble  in  l>otting  up; 
with  too  little  pitch  the  metal  will  not  drain  well,  causing  a  tendency 
to  chill  at  the  tap-hole.  A  little  daui)ing  mixture  should  be  worke<l 
into  the  sand  bottom  just  inside  the  tap-hole,  to  prevent  breaking  at 
this  point  when  the  tapping  bar  is  forced  through. 

Lai/  the  fire  with  shavings,  just  inside  the  breast;  then  fine  kind- 
ling; then  enough  large  kindling  to  make  sure  of  lighting  a  layer  of 
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coke  sufficient  to  form  tlie  1)6(1.  When  the  gases  from  the  lower  j)art 
of  the  l>e<l  burn  up  through,  showing  that  the  fuel  is  well  lighted,  level 
up  bed  with  addition  of  a  Httle  more  coke;  and  put  on  first  charge  of 
iron.  Follow  this  with  alternate  charges  of  fuel  and  iron,  to  the  level 
of  charging  door. 

Form  tap-hok;  lay  a  bar  of  iron  about  J  inches  round  in  the 
spout,  projecting  in  through  the  breast  opening;  fill  in  breast  around 
bar  with  a  strong,  loamy  molding  sand  rammed  hard.  Recess  this 
in  well  to  leave  actual  tap-hole  as  short  as  possible. 

Put  on  blast  when  ready  for  the  metal,  and  leave  tap-hole  open. 
Bott  up  when  the  metal  begins  to  run 
freely  (generally  about  7  minutes  after 
blast  is  on).  Tap  when  sufficient 
metal  has  collected  to  supply  first 
ladles. 

Bott  clay  should  \ye  mixed  with 
about  I  sawdust,  to  make  it  more 
fragile  when  tapping.  This  is  made 
up  in  small  balls,  and  shaped  onto  the  ^ 
end  of  the  l)ott-stick  (A,  Fig.  102). 
The  tapping  bar  B  has  simply  a  round 
taper  point;  C  is  a  gouge  or  spoon- 
shape,  useful  for  trimming  sides  of 
hole  if  bott  does  not  entirelv  free  itself 
when  tapj^ed. 

\Mien  all  the  iron  has  been  melted,  ^^«'  ^^    Tapping  Bars. 

drop  the  bottom,  by  pulling  away  the  bar  that  supports  the  bottom 
doors.  Thnnv  w^ater  on  the  dump,  by  bucket  or  hose,  to  deaden  the 
heat,  and  leave  it  to  cool  off  over  night. 


FOUNDRY  LADLES 

As  the  melted  metal  flows  from  the  spout  of  the  cupola,  it  is 
caught  in  ladles.  The  sizes  of  these  are  designated  by  the  weight  of 
metal  they  will  hold;  they  varj^  from  30  pounds*  to  20  tons*  capacity. 
The  names  of  ladles  relate  to  the  method  of  carrying  them.  The 
accompanying  table,  containing  references  to  accompanying  cuts, 
gives  compact  data  regarding  foundrj'  ladles: 
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TABLE 


Data  Regardins:  Foundry  Ladle5 


Typk  op  T^adlk 


I 


Size  (inctaes) 


H«>w  Man'a<;ei> 


Capacity 
I  (poimds) 


Top    I  Depth  Botfm 


Thickness  for  Llnliif? 


Weight 

OF 

Ladle 


Hand  iMdU 

A,  Fig.  103 

Bull  Ladle 

B  and  C,  Fig.  103 

Crane  or 

Trolley  Ladle 
Like  C.  with  ball 

Geared  Crane 

Ladle 
Fig.  104 


Hand  shank 


7-8     f     7-S 
30  ftO 


e-7 


H      .Side  H     H->i    : 


Single  or 
double  shank 

Bail  with 

single  or  double 

shank 


Worm  gear  r>n 
hoavy  bail 


80-350 


300-2.000 


I    9-15 
14-28 


Wa 


1.000-35.000 


20-75 
2-4 


9-15 

8-13     1 

14-26 

12-23 
1-3 

20-60 
1-4M 

18-66    i 
11^-5 

15-16  lbs. 


35-100 


115-350 


l.WtO-7.000 


In  the  three  columns  under  'Size."  the  larger  figures  give  the  dimensions  inside  of 
ladle  shells.  The  smaller  figures  refer  to  the  thickness  of  the  lining  at  the  top,  sides,  and 
bottom  of  the  ladles. 

Hand  ladles  are  made  of  cast  iron  or  pressed  steel.  Tlie  larger 
ladles  are  built  up  of  boiler  plate.  Cast  iron  is  poured  from  the  top 
of  the  ladle,  which  should  therefore  be  provided  with  lips.  I^les 
must  be  lined  to  protect  them  from  burning  through.  Up  to  one  ton 
capacity,  the  cupola  daubing  mixture  is  used.  The  bowl  is  smeared 
with  tliick  clay  wash,  and  the  clay  pressed  in  hard  with  the  hands, 
being  rubbed  smooth  on  the  inside.  The  lining  should  be  kept  as  thin 
as  possible,  i;  to  J  inch  on  hand-ladles,  1  inch  to  IV  inches  on  large 
ones;  the  bottom  lining  from  J  to  V  thicker  than  sides,  as  it  receives 
the  first  fall  of  the  incoming  metal. 

The  larger  ladles  are  first  line<l  with  fire  brick  of  thickness  pro- 
portionate to  their  size,  and  then  (laul)ed  on  inside  with  clay  mixture 
.similar  to  cupola  lining.  The  lining  must  be  well  dried  l>efore  use,  to 
drive  out  moisture.  In  stove-plate  and  hardware  shops,  where  mo.st 
of  the  pouring  is  done  with  hand  ladles,  a  special  ladle-^lrj-ing  stove 
similar  to  a  shallow  core  oven  is  provided.  A  w(hk1  fire  is  built  inside 
of  the  larger  ladles  to  dry  them  out.  To  preserve  a  lining  iis  long  as 
possible,  slight  breaks  are  repaired  daily.  As  with  the  cupola,  the 
slag  formed  by  the  hot  metal  forms  the  Ix^st  coating  possible  for  inside 
lining. 
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POURING 

The  first  thing  to  l)e  considered  here  is  skimming  off  the  slag 
which  collects  on  top  of  the  metal.  This  should  be  done  on  larger 
ladles  l>efore  leaving  cupola,  and  again  while  metal  is  being  poured. 
For  this,  a  long  iron  rod  is  used,  with  hiatle  shaped  as  in  D,  Fig.  102. 
This  is  rested  across  top  of  ladle  near  lip,  and  effectively  holds  the 
slag  back;  the  long  handle  pennits  the  skimmer  to  stand  well  back 


Fig.  103.    Haua  aud  B 

from  the  heat  of  the  metal.  On  .small  ladles,  skimmers  are  of  course 
shorter,  and  the  end  is  lient  up  more  for  convenience,  as  the  ladles  will 
be  much  nearer  the  fltnir  when  pouring  with  them. 

Hand  and  bull  ladles  are  shown  in  Fig.  103,  while  Fig.  104 
shows  a  crane  ladle. 

Much  skill  is  re(|iiire<l  in    pouring   a    mold.     A   molder   must 


know  the  character  of  the  work,  aixl  judgt-  wliclher  it  must  Ih-  |>nured 
fust  or  slow.  In  general,  light  work  cannot  1m'  i«iuretl  too  fast.  Heav- 
ier work  is  p«>ureil  more  slowly,  f'jire  nni.st  l>e  exercistsl  to  keep  the 
stream  steady  from  the  first,  and  not  apill  into  the  mold,  as  this  may 
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cause  "cold  shuts"  or  leave  "shot"  iron  in  the  castings.  The  runner 
basin  must  be  kept  full,  for  gates  and  runners  are  made  with  this 
express  purpose  in  view,  as  has  been  stated  previously. 

Metal  must  not  be  allowed  to  chill  or  "freeze"  in  the  Ladle,  as  this 
would  destroy  the  lining  when  it  came  to  removing  the  cold  metal. 
Metal  left  in  the  larlles  when  the  mold  is  full,  must  be  poured  back 
into  a  larger  ladle  or  emptied  into  a  c*onvenient  j)ig  bed.  These  are 
built  in  a  sand  l>ed  usually  near  the  cupola,  or  stout  cast-iron  pig 
troughs  or  chills  are  provided.  They  should  taper  well  on  the  inside, 
holding  alx)ut  50  pounds  each.  Some  are  arranged  to  swing  on  trun- 
nions for  c*onvenience  in  dumping.  They  should  l)e  smeared  with  a 
heavy  oil  and  dusted  with  graphite,  to  prevent  the  metal  sticking  in 
them.  It  is  safer  to  heat  these  pig  molds  as  well,  so  that  no  moisture 
will  form  and  cause  a  "kick"  or  explosion  when  hot  metal  is  first  poure<l 
into  them. 

CUPOLA  MIXTURES 

By  this  term  is  meant  the  proportioning  of  the  various  pig  irons 
and  scrap  that  make  up  cupola  charges,  with  the  object  of  obtaining 
definite  physical  and  chemical  properties  in  the  resulting  castings. 

The  re(|uirements  of  castings  varj^;  and  metal  that  would  be  good 
if  nm  into  thin  stove-plate,  would  l)e  entirely  too  soft  for  heavy  ma- 
chine castings.  Again,  iron  that  might  answer  all  requirements  of  a 
l)ed  plate  would  not  be  strong  and  tough  enough  for  steam  cylinder 
work.  The  one  in  cliarge  of  this  work,  therefore,  must  so  mix  the 
different  irons  that  his  castings  shall  be  soft  enough  to  machine  well  if 
necessary,  and  at  the  same  time  be  hard  enough  to  stand  the  wear  and 
tear  of  use. 

Formerly  the  appearance  of  tlie  fracture  of  a  pig  or  scrap  was  the 
sole  guide  in  detenuining  mixtures.  I'nquestionably  the  fracture  of 
iron  indicates  to  tlie  experienced  eye  nuich  as  to  its  physical  properties. 
But  this  method  of  mixing  has  repeatedly  proved  misleading. 

Rc|)rescntative  practice  to-day  recognizes  chemical  analysis  of 
the  various  irons  as  most  essential  to  the  proper  mixing.  Many  firms 
now  buy  their  pig  iron,  and  many  other  allied  sup|)lics,  by  specification ; 
and  the  chemical  analvsis  of  the  iron  must  show  that  its  various  metal- 
loids  come  within  certain  limited  per  cents. 

To  understand,  then,  these  modern  methods,  we  must  consider 
die  subject  of  the  chemistry  of  iron. 
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CHEMISTRY  OF  IRON 

An  element,  in  chemistry,  is  a  fonn  of  matter  which  cannot  be 
decomposed,  or,  in  other  words,  cannot  be  broken  up  into  other  forms 
by  any  means  known  to  science. 

Iron  is  such  an  element;  but  absolutely  pure  iron  is  of  no  com- 
mercial vahie;  it  is  only  when  it  is  combined  with  impurities — or,  as 
we  must  rec'ognize  them,  other  chemical  elements — ^that  mankind  is 
interested  in  it. 

In  the  fonns  of  iron  with  which  we  are  dealing,  pig  iron  and  cast 
iron,  five  elements  are  considered  as  affecting  their  physical  prop- 
erties. These  elements  are  Carbon,  Silicon,  Sulphur,  Phosphorus,  and 
Manganese. 

Carhon  is  the  most  important  and  most  abundant  of  all  the  chem- 
ical elements.  It  forms  the  principal  part  of  many  substances  in  daily 
use  alK)ut  us,  such  as  coal,  coke,  lead  pencils,  graphite  facings,  ett. 
In  its  relation  to  iron,  it  is  peculiar  in  that  it  occurs  in  iron  in  two  forms. 
One  is  in  a  chemical  combination  fomiing  a  hard  substance  with  a 
fine  grain,  of  w^hich  tool  steel  is  the  purest  type.  The  other  is  simply 
a  mec*hanical  mixture  forming  minute  facets  of  free  carl)()n  interposed 
l)etween  the  crv^stals  of  the  coml)ined  form.  It  softens  cast  iron,  but 
weakens  it  by  causing  larger  crystals  to  form.  Drawing  the  finger 
across  a  freshly  cut  surface  or  fracture  of  cast  iron,  some  of  this  free 
carbon  will  be  rubbed  off,  and  will  show  as  dirt  on  the  finger.  We 
shall  use  the  term  graphite  in  referring  to  this  form  of  free  carbon,  and 
the  term  combined  carbon  in  referring  to  the  element  in  its  combined 
state. 

Silicon  of  itself  is  a  hardening  element  in  cast  iron,  but  on  account 
of  its  marked  influence  upon  carlx)n  formations,  it  is  usually  considered 
a  softener.  During  the  cooling  process,  silicon  retards  the  fovination 
of  combined  carlx)n,  thus  increa^sing  the  formation  of  graphite  in 
pn)j)ortion  to  the  increase  of  silicon.  At  the  sjime  time,  through  its 
own  influence  on  iron,  it  preserves  the  fine  character  of  the  grain,  and 
so  maintains  the  strength  of  the  casting.  In  other  words,  within  cer- 
tain limits,  the  addition  of  siliccm  softens  castings  without  impairing 
their  strength.  It  makes  iron  run  more  fluid,  and  reduces  shrinkage. 
Silicon  varies  in  castings  from  l.oO  to  2.50  per  cent. 

Sulphur  is  the  most  injurious  element  in  iron.     It  makes  castings 
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hard,  red-short,  and  tends  to  the  formation  of  blow  holes.  At  the 
melting  temperature,  iron  will  absorb  sulphur  from  the  fuel — a  decided 
reason  why  foundry  coke  should  be  as  free  as  possible  from  this  ele- 
ment.    Sulphur  in  castings  should  not  exceed  .07  per  cent. 

PhosphoTTis  tends  to  make  iron  run  very  fluid  when  melted.  It 
is  a  hardener.     For  machine  castings  it  should  not  exceed  1  per  cent. 

Manganese  strengthens,  and  of  itself  hardens  iron.  Chemists 
are  beginning  to  consider  its  proportions  more  carefully,  in  the  Ijelief 
that  under  certain  conditions  it  acts  as  does  silicon,  softening  the  cast- 
ings while  retaining  their  strength.  It  is  usual  to  keep  it  l)elow  .5  per 
cent. 

The  strength  of  a  casting  and  the  finish  which  it  is  capable  of 
taking,  are  largely  dependent  upon  its  having  a  fine,  even  grain.  We 
have  seen  that  the  proportions  between  the  combined  carbon,  the 
graphite,  and  the  silicon  have  decided  influence  upon  this  condition. 
But  the  rate  of  cooling  must  also  be  taken  into  ac*count.  A  thin  casting 
cools  rapidly,  tends  to  increase  tlie  combined  carbon,  and  without 
the  influence  of  silicon  would  be  hard  and  brittle.  In  a  heavy  casting, 
the  metal  stays  liquid  longer,  more  graphite  is  thrown  off,  and  the 
casting  is  naturally  softer. 

Therefore  light  work  retjuires  a  larger  proportion  of  silicon  to 
counteract  the  effect  of  tlie  rapid  cooling  than  does  larger  work. 

Modern  practice  makes  daily  analysis  for  the  two  carlwns,  the 
silicon,  and  the  sulphur,  occasionally  testing  for  the  other  elements  to 
see  that  they  are  kept  within  their  safe  limits.  SiHcon,  however,  is 
used  as  the  guide  for  regulating  mixtures.  The  following  shows  good 
proportions  of  silicon  for  different  classes  of  work: 

Stoaiii   cylinders 1 .70  jmt  cent 

Medium  lioavywork  (\  inch  to  2  inches  tliiekness).  .2.0      "       " 
Lisht  work  (less  than  \  iricli  thickness) 2.50 


(I       '< 


A  more  complete  analysis  of  results  to  be  aimed  for  is: 

Si.  P.             s.                   Mn. 

Automobile  cylinders 2.2.")  1.          .075  .5  per  cent 

Corli.'^s  engine  cylinders  (1^  to  U  inches  Below  Below 

thickness) 1 .20-1 .70  .1        .095                 '*     '• 


1\)  calculate  for  anv  r(\sult,  \\v  nuist  first  know  the  analvsis  of  the 
irons  to  be  used  in  making  the  charge.  We  shall  consider  silicon  as 
the  guide 
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With  a  firm  keeping  track  of  results,  the  proportion  of  silicon  in 
their  "home"  scrap  can  be  accurately  estimated.  With  miscellaneous 
machinery  scrap,  this  is  more  difficult.  The  following,  however,  are 
safe  estimates: 

Small,  thin  scrap 2      -2.4  |>tr  cent 

Large  scriip  ranges 1  ,B0-2      "       " 

The  analysis  of  pig  iron  is  made  from  drillings  taken  from  a  fresh 
fracture.  Between  the  very  fine  grain  about  the  chilled  sides  of  the 
pig,  an<l  the  ver\-  coarse  grain  in  the  center,  average-sized  crystals  will 
be  noticed  in  the  fracture.  It  is  here  that  the  drillings  for  andysis 
should  be  made,  as  indicated  in  Fig.  105. 
Alxtut  a  J-inch  flat  drill  is  best  to  use,  as  it 
cuts  a  more  uniform  chip  from  the  varjing 
grade  of  pig  than  does  a  twist  drill. 

To  determine  the  analysis  of  a  carload 
lot  of  pig  iron,  the  following  method  is  em- 
ployed. Select  ten  pigs  which  will  repre- 
sent an  average  of  the  clo.se,  medium,  and  "^  "^  ^nMy^i.  section. 
coarse-grained  iron  in  the  car.  These  pigs  should  l)e  broken,  and 
drillings  taken  from  the  fresh  fracture.  The  drillings  from  these  fen 
fractures  are  fhoroiighly  mixed  together,  and  alnnit  two  ounces  by 
weight,  or  a  largo  tablespoonful  by  measure,  i.s  .sufficient  for  the  chemi- 
cal analysis.  The  result  is  taken  for  the  average  analysis  of  the 
carload. 

The  smaller  foundries  who  do  not  empl<»y  a  chemist  can  get  a 
good  working  analysis  of  their  iron  from  the  furnace  from  which  it  is 
bought.  Or,  in  many  cases,  sample  drillings  are  sent  to  a  practicing 
chemist. 

The  proportions  of  silicon  and  sulphur  containcci  in  the  ordinary 
grades  trf  pig  iron  are  approximately  as  follows: 

Ferro-ailicon  7      -i1      per  cfiil  .03  pir  cent 

Silvery  :t      -  .^        "      "  .03    "      ■' 

Xo.  1  Foundry  2.50-2.00"      "  .03    "      " 

No.  2      "  l.a^i-  2.40"      "  .04    "      " 

No,  :i       ''  ].40-   1,90"      "  .O.i    "      ■* 

l\'hen  we  have  tho  analysis  iif  our  iron,  we  can  imiceeil  to  cal- 
culate the  mixture,  l)e;iring  in  minii  that  some  of  tlie  silicon  will  l>e 
burned  out  of  the  iron  during  the  heat.     From  .15  to  .25  j>er  cent  is  a 
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fair  estimate  for  this  loss  in  cupolas  ranging  from  36  inches  to  72  inches 
inside  lining.  This  loss  must  be  deducted  from  the  final  estimate. 
It  is  proposed  to  make  a  mixture,  using  three  of  the  following 
irons,  for  miscellaneous  machinery  castings  which  re(|uire  about  2 
per  cent  silicon.     And  we  wish  to  use  one-half  scrap: 

Silvory  4       ])rr  cent 

No.  1  Fouiulry  'i.C).")    "       " 

No.  2       "  2.22   "       " 

No.  3       *•  1.7r)   •'      '' 

Scrap       "  2.0()   **       " 

The  student  should  l)ear  in  mind  that  tlie  sign  of  per  cent  means 
j-j^  =  .01.  To  multiply  a  whole  number  by  j)er  cent,  set  the  point 
two  places  to  the  left;  thus  35  per  cent  of  5,(XX)  --^  .35  X  5,00()  -  1 ,750. 

To  multiply  per  cent  by  per  cent,  set  each  jx)int  one  place  to  the 
left  l>efore  nniltiplying  and  the  result  may  be  cxpresse<l  as  jkt  cent; 
thus  25  ^/c  of  35  %   -  2.5  X  3.5  =  S.75  per  cent. 

Then   we   have: 

A  H              ('                   1) 

No.  1  25.  V;  X  2.(»5  f;   =     A\(V2o  % 

No.  2  20.  ';; ,  X  2.22  %  -     .4440  % 

No.  3  5.  %  X  1.75  <:j  =-     .0875  % 

Scrap  50.  %  X  2.00  '.J,  -  1 .0000  % 

Total,    100..  ^;,  of  charge  has  2.104    %  Silicon  content. 
I)('(hictin^  for  loss  in  licat         .20       *[ 

I.IKM     ^(   ILstiniatcd  silicon  in  r(\vult. 

Or,  with  a  Xo.  2  iron  uikI  Silvery: 
A         H  C  1) 

No.  2   45. ' ;  X  2.22  ^v  =    .090  ';; 

Silvery    5.  '';  X    1.00  ^^  -     .2(K)  <:[ 
Scrap     50.  ';;  X  2.(M)  <;   ^  l.(KK)  '^ ; 

Total,  100.  <;  of  charge  has  2.109  ^^  Silicon  content. 
DeductinK  f<'r  l*'-'^-^  in  heat   .17 

2.029  ' ,'  Kstiniated  silicon  in  result. 

In  Xhoiir  exaniph's,  cohnnn  A  is  the  kind  of  iron;  H,  per  cent  of  this  iron 
iis<*d  in  charge:  ('.  per  cent  of  silicon  in  sinj^le  ^rade  of  iron:  D,  jxr  cent  of 
silicon  \o  whole  charge  as  supplied  by  each  grade. 

One  or  ni(>re  ])er  (i<'nts  in  column  H  are  u.^ually  d(H'ided  upon  before  Ix'gin- 
ning  calculations,  and  then  th<*  others  an'  varied  luitil  the  desired  silicon  con- 
t^'nt  is  obtaiiu'd. 

With  this  as  a  guide,  it  is  a  simple  matter  to  find  the  actual  weight 
for  each  grade,  to  make  up  any  size  of  charge.     For  example,  we  wish 
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it 


to  put  5,000  ll)s.  on  bed  and  3,000  lbs.  on  other  charges,  using  first 
mixture : 

From  column  B.             Bed.  Other  charges. 

No.  1     25  %  X  5,000  =  1,250  lbs.  750  lbs. 

No.  2    20  %  X  5,000  ^-  1,000   "  GOO 

No.  3       5  %  X  5,000  -.     250   **  150 

Scrap    50  7^  X  5,(KH)  =  2,500   "  1,500 

57)00  lbs.  3,000  lbs. 

PRINCIPLES  OF  MELTING 

Combustion  cannot  take  place  without  oxygen,  of  which  the  air 
is  the  most  abundant  source  of  supply.  For  example,  in  the  incan- 
descent electric  light,  a  strip  of  carbon  is  heated  to  a  white  heat; 
but  it  does  not  consume,  or  bum  up,  l)ecause  all  air  has  l)een  exhausted 
from  within  the  glol)e. 

In  the  cujK)la  furnace,  lK)th  coal  and  coke  are  used  as  fuel.  They 
consist  largely  of  carl)on,  and,  after  l)eing  lighted  by  the  kindlings, 
are  kept  at  a  glowing  re<l  heat  by  the  natural  draft  through  the  open 
tuyeres.  The  blast  supplies  the  oxygen  necessarj'  for  a  melting  heat. 
The  (|uantity  of  air  forced  in  by  the  blast  cannot  be  entirely  taken  up 
by  the  layers  of  fuel  immediately  above  the  tuyeres;  thus  complete 
combustion  does  not  take  place  until  a  distance  of  IS  to  23  inches  above 
the  tuyeres  is  reached.  This  is  termed  the  meltiruj  zone.  It  is  the 
aim  of  the  melter  to  keep  the  top  of  his  l>e<l  as  nearly  as  possible  at 
this  level,  so  that  the  iron  resting  on  it  shall  l)e  exposed  to  this  intense 
heat  and  melt  rapidly. 

As  the  fuel  of  the  bed  burns  awav,  this  level  tends  to  \)q  lowered. 
But  the  iron  on  top  of  it  melts,  and  drops  to  the  lx)ttoni  of  the  cupola; 
and  the  subsecjuent  charge  of  coke  restores  the  level  of  the  bed  for  the 
next  charge  of  iron;  and  so  on. 

I^UEL 

Both  anthracite  coal  and  foundry  coke  are  used  in  the  cupola. 
Coal,  owing  to  its  density,  will  carry  a  heavier  loa<l  than  coke,  but  it 
rec|uires  greater  blast  pressure,  and  will  not  melt  as  fast  as  coke. 
Coke,  for  foundn'  usc%  should  \yc  what  is  known  as  **72-hour"  coke, 
as  free  as  possible  from  dust  and  cinders.  Coke  is  made  up  of  a 
sponge-like  "coke"  structure  which  is  almost  pure  fixed  carbon,  and 
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an  open,  "cellular"  structure  which  makes  it  especially  valuable  as  a 
furnace  fuel  because  it  is  so  readily  penetrated  by  the  blast. 

A  representative  analysis  of  a  strong  72-hour  c«ke  is  as  follows: 


Vioisturo 

.49  per  cent 

Volatih^  matter 

1.31    '*       " 

Fixed  earbon 

87.46    "      " 

Sulphur 

70    ti      (( 

:\sh 

10.02    "      " 

Cellular  structure 

50.04  per  cent 

Coke  structure 

49.96    '*      ** 

Specific  gravity 

1.89 

a    c 


Heat  units  per  pound     12,937 

FUEL  TO  IRON 

The  proportions  of  the  hal  fuel,  first  charge  of  iron,  and  subse- 
quent charges  of  fuel  and  iron,  vary  greatly  with  the  size  and  design 
of  the  cupola,  the  grade  of  fuel  used,  and  the  method  of  charging. 

To  determine  the  right  amount  of  fuel  for  the  bed,  the  most  prac- 
tical thing  to  do  is  to  "cut  and  try,"  especially  with  a  new  equipment. 
For  a  36  to  48-inch  cupola,  average  22  inches  alxjve  the  tuyeres, 
with  a  10-ounce  blast  to  start  with,  the  \yesi  way  to  proceed  is  to  chalk 
oflf  this  distance  inside  the  cupola  l>efore  daubing  up.    Then,  from  a 

i-inch  rod  of  iron,  bend  a  shape  like 
Fig.  lOT).  The  distance  a  ei\uah  the 
distance  from  the  mark  inside  cupola 
to  about  4  inches  above  bottom  of 
charging  door.  When  the  coke  is  well 
lighted,  l)efore  charging  the  iron,  level 

Pig.  106.    »e(l  GauK'e.  /r  1      1  r         x      xi.-  rr«L 

ott  l)e<i  accordmg  to  this  gauge.  Ihe 
safe  side  is  to  have  the  hod  too  high.  If  the  bed  is  too  high,  it  will 
show  l)v  slow  but  hot  metal;  if  too  low,  the  metal  will  be  dull.  After 
first  heat,  the  height  may  be  adjusted  until  proper  melting  is  obtain- 
ed; then  trj'  always  to  work  to  same  height.  The  weight  and  char- 
acter of  the  coke  charged  on  the  bed  should  be  carefully  noted. 

No  fixed  rule  for  general  a|)plici\tion  can  1h»  given  for  proportion- 
ing tht^  alternate  charges  of  iron  and  fuel.  From  4  to  0  pounds  of  imn 
niav  be  ineltcMl  to  one  of  heavy  coke  on  the  IhmI;  alKnit  J  less,  for 
light  coke. 

Intermediate  charges  of  coke  should  l)e  just  .sufficient  to  preserve 
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till?  ii[)jx-r  levfl  i>f  the  l>i'(l.  Tlic  liiyer  will  iiMimlly  \k  jilnnit  fi  inclic-s 
tliii'k.     Its  wi'iglit  slioiilil  i>e  carefully  taken. 

Sul)set|lierit  elmr^res  of  iniii  may  Itc  itiaile  S  or  1(1  [hxiihI-s  t(>  iiiie 
pound  of  coke  put  In'tweeii  eliai^-H. 

The  action  of  the  furnace  must  be  carefully  watched,  with  the 
aim  t(>  make  it  melt  the  iron  charged  as  rapidly  as  [possible  and  bring 
it  <lown  white  hot.  Also,  bring  the  ratio  of  iron  to  fuel  as  low  as  may 
be,  without  sacrificing  either  of  these  other  ohjects. 

SAND  MIXING 

When  a  mold  is  poured,  the  intense  heat  of  the  iron  bums  out 
those  pioperties  in  the  sand  which  give  it  its  bond,  making  it  necessary 
that  a  certain  proportion  of  new  sand  shall  be  mixed  with  the  heap 
sand  and  used  as  facing.     See  explanation  in  earlier  paragraphs. 

The  facing  sand  should  l>e  mixed  daily  for  the  molders  by  one 
or  more  of  the  laborers,  at  a  place  convenient  to  the  storage  sheds 
ami  molding  floors.  A  hanl,  -smooth  floor  of  clay  or  of  iron  plates 
is  a  great  advantage. 

The  proportions  of  the  different  sands  are  measurol  by  .shovel, 
bucket,  or  barrowful, 
and  spread  over  each 
other  in  flat  layers,  suffi- 
cient water  being  sprink- 
led on  to  temper  the  pile. 
The  sand  is  then  cut 
through  once  with  the 
shovel,  then  put  through 
a  Xo,  2  sieve,  all  lumps 
being  broken  up  and 
refu.se  thrown  out.  It  is 
next  put  through  a  Xo.  4 
aeve,  and  thrown  in  a 
pile  ready  for  use. 

When  this  work  is 
done  by  hand,  the  onli- 
narj-   screen   sieve  com-  '"*' '"'    ""'*'>'  ^"''"'■ 

monly  employed  by  masons  is  use<l  for  the  riddling,  an<l  a  round 
foundry  riddle  for  the  final  sifting.    To  reiluce  the  lalM>r  of  this,  the 
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riddle  is  slid  hack  and  forth  on  a  pair  of  parallel  hars  supporte<l  con- 
veniently ahove  the  storage  pile. 

There  are  two  classes  of  lal)or-saving  machines  use<l  in  mixing 
facings,  core  sand,  etc. — those  which  mix  by  riddling,  and  those  which 
mix  by  a  combined  breaking  and  stirring  action.  There  is  great  va- 
riety in  the  styles  of  these  machines  on  the  market.  The  illustrations 
show  the  typical  mechanical  devices  in  use. 

Fig.  107  is  made  with  wire  on  one  or  lx)th  ends,  and  is  <lriven  by 
belt  or  connected  motor.     Sand  shoveled  into  the  central  opening  is 

sifted  in  a  pile  on  floor,  or 
direct  into  barrow.  The 
rubber  hammer  on  top  au- 
tomatically raps  each  face 
of  sieve  as  it  revolves, 
knocking  the  meshes  free 
from  sand. 

Fig.  108  shows  one  of 
the   latest   labor  savers   in 
this  line.     Here  a  foundn- 
Fip.  m  sand  Shaker.  r  i  d  d  1  e  IS  Supported  in  'a 

metal  ring  attached  to  the  piston  of  the  machine.     It  is  made  to 
vil)rate  rapidly  by  means  of  compressed  air  or  steam.     These  shakers 


Fig.  109.    Centrifugal  Mixer. 

are  made  with  portable  tripod,  as  shown;  they  are  also  made  station- 
ar}'  or  are  fastened  on  a  post  by  means  of  a  swivel  joint,  to  l)e  swung 


KUN'OUY  WOUK 


103 


»»ver  a  whp«'ll>nrr<>w  or  over  a  iii()lilinj;  iDacliine,  and  out  of  the  way 
B^iu  when  not  in  ust'. 

Fig,  109  shows  a  centrifugal  nibter.  Inside  of  the  umbrella  casing 
a  horizontal  plate  about  1 2  inches  in  diameter  and  cam-ing  a  number 
of  vertical  steel  pin  alioiit  6  inches  long,  is  fastened  to  the  lop  of  a 
short  upright  shaft  driven  by  a  belt  running  inside  of  the  casing  shown 
at  the  base  of  the  machine.  The  machine  runs  almut  l,oOO  R.  P.  M.; 
and  sand  shoveled  into  the  hopper  is  verj-  evenly  broken  up  by  the 
pins  and  thrown  against  the  steel  hood,  breaking  and  shattering  any 
lumps  of  clay  or  loam  and  making  a  very  uniform  mixture.  The 
hopper  may  easily  l>e  removed  to  clean  the  plate.  The  machine  is 
used  for  the  final  mixing. 

Fig.  110  show.s  a  foundry  grinder  or  facing  mill.  It  is  the  type 
of  mill  used  for  mi.\ing  loam.     Kither  the  pan  or  Ihc  rollers  are  at- 


Fig.  110.  Fai'lne  Clrln.l.T. 
tached  to  the  <iriving  shaft  and  umiie  to  rev<»Ive,  crushing  and  mixing 
whatever  is  shoveleii  into  the  pan.  Fre(|ucntl¥,  a  stout  blade,  .some- 
thing like  a  plowshare,  is  fixefl  between  the  nillers,  and  prevents  the 
mixture  caking  to  the  bottom  of  the  pan.  The  fa<«s  of  the  r()lls  are 
of  verv  ban!  or  of  thille<l  cast  iron  to  wilh.stand  wear. 

■\Vhen  the  loam  mixture  is  sufficiently  ground,  it  must  lie  shovelwl 
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fnim  ihe  pan,  t\ni\  ilvlivcn-d   tn  tin.-  iiiohlcrs  or  storttl    Unii]M)rarik. 
It  will  "set"  if  .stored  too  lony. 

This  is  tlic  type  of  mill  iise<l  in  llie  steel  foundries,  for  grinding 
the  facing  mttterials.  Tlie  various  sands  are  (lumped  into  the  pan  at 
one  side,  and,  when  ground  sufficiently,  are  shoveled  directly  from 
the  pan  into  a  centrifugal  mixer.     This  prepares  them  for  use. 

CLEANING  CASTINGS 

After  a  casting  has  solidified  in  the  mold,  the  flask  should  l>e 
removed,  leaving  the  costing  in  the  sand.  For  light  bench  work  and 
snap  flask  work,  the  mold  is  lifted  bodily  and  the  sand  dumped  on 
the  pile,  the  bottom  imards  piled  in  one  place,  and  the  cases  piled  in 
another  ready  for  the  next  day'.';  work.  As  the  (oolds  are  dumpe<l, 
the  castings  are  removed  from  the  sand  and  piled  at  edge  of  gangway. 
When  all  ca-stings  have  lieen  removed  from  the  sand,  the  gjtfes  are 
broken  and  thrown  in  a  pile  by  themselves.  WTien  cold  enough  to 
handle,  the  castings  are  reniuve<l  to  the  cleaning  room,  alld  the  gates 
and  sprues  to  the  scrap  pile,  With  heavier  floor  woric,  the  cljunps  are 
removed  as  soon  as  the 
casting  has  set;  the  flask 
is  rapped  with  a  sleilge 
hampier  an<l  strippe<l  off 
the  mold,  leaving  the 
castings  to  cool  gniduuUy 
in  the  sand.  Sometimes 
a  sharp  blow  is  given  on 
^  \i'EnS>i^  (op  „f  [|,p  nmner  while 

it  is  still  re<l;  this  breaks 
it  off  l>efore  the   tla.sk  is 
I.-1K-111.   ni„ti,-.Tmni.iinKmrroi.  shaken   out.     At   a    rcl 

heiil,  cast  irtii]  i.s  verv*  weak  and  can  easily  U-  broken. 

'J'he  most  effective  way  to  clean  small  castings  Is  in  a  rattling 
barrel.  Fig.  Ill  shows  a  modern  ,set  of  dustless  barrels.  Tlie  .shell 
of  die  biirrei  is  J-iiich  l^iler  plate  riveted  to  cast-iron  heails.  with 
a  door  arranged  to  be  entirely  removed  for  packing  and  diiniping. 
'I'he  U-ariiigs  are  Iiollow,  and  from  one  end  the  dust  is  drawn  off 
dimiigli  a  galvanize<l  iron  pi]>e.  Thi.s  pipe  connects  with  an  air-tight 
woikIcii  chamlHT  ( Fig.  1 1 2)  varying  in  size  with  the  number  of  barrels 
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[  cuntm.-t(tl  with  it.     In  tliis  cIhuiiIkt  Imn^  a  niimluT  of  Hoth-coverptl 


I  coiiiifclcl  1(1  lliis  i-hjiinliiT  at  tlie  iij)|wisite 


suvetus.    .\ii  exhiiii.tt  fun  t 
ead  from  the  inlet  fiit)c. 

When  tlie  fnti  is  in  ■> 
thmiigh  the  liarrels  ami 
through  thr  rhatiilxT. 
The  dust,  enlering  tlie 
chambeT,  settles  un  I  h  e 
screens,  so  that  hut  little 
(iiist  escapes  to  the  onl- 
»)le  air. 

\Mien  necessan.  (he 
exhaust  K  .-ii'i'pi'd,  :iii.l. 
Iw  lilt- 
th*-  .'  ; 

chanif-   .  ^ 

£bakeiBMD>l  liie  l}ll^^. 
llrrifM  off.^V^en  it  run  lje 
remov-ed  tbrt^th  a  trap 
illloat^Csh  rot)  or  wIih-1- 
huravr. 

The  (Irrviiip  .sliaft 
cam-ing  the  fimon  rc- 
li'olres  all  the  lime,  and 
aiiv  barrel  inay  I*  thrown 
m-er  into  gear  nr  drawn  (jiit  of  gear  by  the  operaluin  of  a  hand  le^'e^. 
The  barrels  should  nm  about  25  U.  P.  M.  Kach  Ijarrel  <houM  \te 
packed  as  full  as  possitile  with  se^■eral  .••ho%'elfuU  of  gate^,  »li<rt  irrjii, 
nr  Imrdened  .«tant  lhr»wii  in  with  the  irastings.  The  rleaiiing  is 
aeeumpllshed  in  fruni  tnentr  minults  In  half  an  hotir  bv  tJie  K-ciuring 
action  of  L-ajthig»,  :«(Ta|«e,  ete.,  nibbing  against  one  anolheF.  Cast- 
ings up  to  50  or  KX)  pounds  can  be  rattled  but  only  those  of  a  sn>- 
ilar  chanirter  as  to  de^agn  or  weight  .'Jioukt  tie  packed  in  together; 
otherwise  the  ligliler  caatiiigs  will  he  broken  by  the  beamier,  ^^'ha|'ff 
renmred  fmm  the  barrel,  the  iniHt  «hrKil(|  show  a  Jimootfa,  dran  s 
face  of  an  er'en  gray  color. 

From  (he  rattlen,  easting  (^  to  the  fpiodtng  room,  vdiere  f 
jecting  g3te>  <>r  (itiu-r  .tltght  roughnen  u  rexDored  oo  the  tmerj  wbecL  i 
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Heavy  casting  are  deatiei!  liy  haini,  by  piekllng,  or  liy  siidiI  hhist. 
When  fleaniiig  l»y  haml,  the  worst  of  (he  sand  i.s  nipjiefl  off  !>y 


light  hainnierinfi,  the 


u\er  scrapeil  off  with  old  files  and  steel 

wire  hnishes  (Fig.  113,  A),     Some  .shops 

rill mff  finally  with  broken  piefesiif  coarse 

r\  wheel     Risersaml  fin'iureremoied 

I   lold  chisels     The  pneumatic  ihi^el 

1  \ii  m  Fig  113  B  IS  Used  as  a  time- 
sa\er  ^Miere  work  is  light  enough  to 
handle  small  fins  are  removed  h\  emen 
wheels  medium  coarst,  wheels  will  rut 
faster  on  cast  iron  than  fine  ones  in<l  will 

Flc    U     \     s   *    Br      IP  Brass       ,j^^|j  jj^^^j,  ^^^^  ,^„,|^j. 

It  is  when  castings  must  l>e  cleaned  b\  htiid  that  value  of  a  gn<H) 
fatmg  dust  shows  itscif  \Aith  the  proper  ficitig,  the  sand  riems 
readih  from  the  casting  leaving  a  fine-looking  smooth  i  irf ace     ASuh 


poor  facings,  on  the  other  hand,  the  irrtn  burns  into  tlie  sami,  making 
it  hard  to  clean,  and  leaves  a  rough  surface  on  the  work. 

Pickling  is  a  methtxl  of  cleaning  resorted  to  where  there  is  minh 
niarhining  to  be  done  on  a  casting.  The  work  is  placed  in  a  pile  on  a 
suitable  platform,  and  dilute  sulphuric  aci<l  is  thrown  over  it  during 
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one  day,  frequently  enough  to  keep  it  well  wet.  The  platform  should 
be  arranged  to  drain  the  acid  back  into  the  vat.  Acid  is  diluted  froln 
1  to  8,  to  1  to  10.  After  about  12  hours'  bath  with  acid,  the  castings 
are  washe<l  clean  with  hot  water.    The  acid  acts  on  the  hard  skin  of 


r~\ 


■     I 


Fi|;.  111.    Sand  IlU<>t. 

oxide  of  iron,  which  forms  when  the  inm  strikes  the  damp  sand,  and 
eats  through  this  skin  to  the  irr>n  itself. 

The  washing  water  should  Ije  hot  enough  to  warm  the  castings 
sufficiently  for  them  to  dry  rapidly  without  rusting.  '^I'he  a/ id  mu-jt 
be  thorou^y  washed  off,  or  it  will  c^intinue  Ut  eat  UtUf  the  iron  arnJ 
cause  a  white  powder  (sulphate  of  iron;  Uj  fonn  on  the  .surfa/;e. 
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constructed  with  a  gcxxl  heat!  of  metal  in  risers,  and  they  are  p)iired 
under  pressure.  The  shrinkage  is  double  that  of  iron;  the  risers  are 
made  very  large,  and  are  placed  directly  on  the  casting  to  insure  feed- 
ing well.  Great  care  must  l^e  exercised  that  neither  mold  faces  nor 
cores  bind  during  cooling,  as  such  binding  might  cause  a  flaw. 

\Mien  two  surfaces  meet  at  right  angles,  the  corner  will  remain 
hot  longest,  and  the  sides  will  shrink  away,  tending  to  cause  a  fracture 

at  a.  Fig.  116.  To  over- 
come this,  thin  webs  are  cut 
by  the  molder  about  everv 
4  inches  or  6  inches — ^shown 
at  b.  These  cool  first,  and 
hold  the  adjacent  sides  in 
position,  preventing  them 
Pig.  116.  Shrinkage  Webbs.  ffo^i  pulling  away  from  each 

other.  The  internal  strain  due  to  this  c(K)ling  is  relieved  by  the 
annealing.      After  the  casting  is  annealed,  the  webs  are  cut  away. 

STEEL  FACING  MIXTURES 

To  withstand  the  high  heat,  pure  silica  sand  is  used  as  the  basis 
of  the  facing  mixtures  for  steel  molds.  Pure  quartz  or  silica  rock  is 
quarried,  and  reduced  to  a  sand  form  through  a  series  of  rtx'k  crushers. 

At  the  foundry  the  necessary  bond  is  given  by  the  addition  of  fire 
clay  and  molasses  water.  The.se  are  thoroughly  mixed  with  the  sand 
in  a  facing  mill  and  mixer  (Figs.  109  and  110).  A  typical  mixture  is 
as  follows: 

1  barrow  Silica  Saiul ; 

8  [)ail.s  powdered  Fire  Clay ; 

Temper  with  molasses  water. 

Where  (juartz  sand  is  very  expensive,  the  mixtures  made  as  fol- 
lows will  reduce  the  co.st.  The  old  crucibles  and  fire  brick  should  Ik» 
crushed  separately  in  the  mill  before  mixing. 


IN(;UKDIKNTS 

For  Castjnos 

VoH  CA.sTlNt;s 

HP  TO  2  INS.  Thick. 

OVER  2 

l.NS. 

THU  K. 

I 

II 

III 

IV 

01(1  faeinp;  sand 

S  parts 

12  parts 

1  i)art 

( )l(i  erueibles 

4k« 

10  parts 

Fire  Briek 

')         " 

l''ire  el  ay 

•)         •' 

1  part 

3     •• 

1  part 

(V»ke 

1  j)art 

1  part 

Silica  sand 

5  parts 

5  parts 

CJraphiti; 

2     " 

Temper  with  mol 

asses  water. 
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For  facing  wash,  these  iiiLxtures  are  ground  very  fine,  and  thinned 
with  molasses  water. 

Core  sand  for  steel  work  is  practically  the  same  mixture  as  the 
mold  facing.  For  thin  metal  a  somew^hat  less  refractory  natural 
sand  mav  be  added  to  reduce  cost  of  mixture. 

For  small  round  or  flat  cores,  q\'  part  rosin,  with  silica  sand, 
tempered  with  molasses  water,  makes  a  good  core.  It  should,  how- 
ever, \ye  thoroughly  burnt. 

For  core  wash  mixture,  use  3  parts  Silica  flour;  1  part  Ceylon 
graphite;  molasses  water. 

STEEL  FLASKS 

Flasks  for  steel  work  are  built  up  of  cast  iron  (see  Fig.  4).  Full- 
length  crossbars  are  l)olted  in  the  cope,  6  inches  to  8  inches  on  centers, 
depending  on  size  of  fljisk. 
Short  crossbars  are  fastened 
between  these  as  needed,  say 
12  inches  to  10  inches  on  cen- 
ters (see  Fig.  117). 

Oblong  l)olt  holes  4  inches 
on  c*enters  are  cast  in  the  sides 
of  the  flask  and  in  all  cross- 
bars. Slots  to  correspond  are 
cast  in  flanges  of  bars,  so  that 
thev  mav  be  readilv  removed 
or  shifted  when  fitting  cope  to 
pattern. 

The  holes  for  pins  should 
l)e  drille<l  to  template  ?n  all  flasks  of  the  same  size,  so  that  coj)es  and 
drags  may  Ije  interchanged.  Flask  pins  are  slipped  through  holes 
temporarily  when  flask  is  l)eing  closed  or  opened.  On  large  work 
the  c-ope  is  lx)lte<l  to  drag  while  l)eing  ramme<l. 

Tlie  lK>ttcmi  plate  is  of  cast  iron,  and  is  clami)ed  to  flange  of  drag 
with  short  clamps  and  steel  werlges. 

F'lasks  of  fmm  IS  inches  to  48  inches  in  length  have  two  handles 
lH)lted  on  ends  to  lift  them  with.  Larger  flasks  have  tnmnions,  nnk- 
ers,  or  T-shapeil  handles  cast  on  the  sides. 

For  details  of  cast-iron  fla.sk,  sc»e  Fig.  4. 


Fig.  117.    Short  Crossbar. 


4OT 


112 


FOUNDRY  WORK 


Fig.  118  shows  type  of  convenient  small  flask  built  up  of  channel 
and  angle  iron,  size  14  by  20  to  24  by  48  inches.   -The  same  tools  are 


Fig.  118.    Small  Flask  for  St«el  Molds. 

use<l  for  packing  and  finishing  mold  as  described  in  connection  with 
iron  molding. 

PACKING  THE  MOLD 

In  packing  the  mold,  place  the  pattern  on  boanl  and  cover  with 
IJ  to  3-inch  of  facing,  depending  on  size  of  job.  Tuck  well  with 
fingers.  The  fac»ing  is  used  as  prepared  by  the  mLxer,  not  sifted.  Set 
drag  on  board,  shovel  in  heap  sand,  and  ram  mold  somewhat  harder 
than  for  iron.  **Strike  off"  and  seat  bottom  plate,  fastening  it  firmly 
to  flange  of  drag  with  damps  or  bolts.  Roll  the  mold  over,  and  re- 
move mold  board 

Press  with  the  fingers  all  over  the  joint  surface,  especially  around 
the  pattern,  to  make  sure  of  firm  packing. 

If  soft  places  are  found,  they  .should  be  tucked  in  with  facing  sand. 

\\Tieii  needed  repairs  are  made,  .slick  the  joint  all  over.  Use  burnt 
core  sand  for  making  the  parting.  Tr>'  on  cope  and  adjust  bars  to  fit 
pattern.  Clay  wash  the  cope  before  packing.  Put  on  necessarj^  fac- 
ing over  joint  and  pattern,  ^vt  the  gate  on  joint,  but  place  risers 
directly  on  pattern.  Set  neccssarj'  gaggers,  .shovel  in  heap  sand,  and 
ram  the  coj>e.     Vent  well,  lift  cope,  moi.sten  tnlges,  and  draw  pattern. 

In  finishing  the  mold,  nails  are  used  freely  (alxnit  \\  to  2  inches 
apart),  driven  in  with  heads  flu.sh  with  surface  of  sand.  This  is  to 
prevent  the  cutting  of  the  surface  by  the  rush  of  hot  metal  when  mold 
is  poured. 
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It  b  at  this  stage  that  the  thin  webs  previously  mentioned,  are  cut 
into  the  comer  fillets  where  needed.  The  whole  surface  of  the  mold 
must  be  smoothly  slicked  over  with  trowel  and  convenient  slicks. 

When  this  is  done,  paint  on  the  facing  wash  with  a  very  flexible 
loQg-bristled  brush.     Fig,  119  shows  section  of  mold  for  a  shrouded 


Seetion  Through  Sc««l  Hold 


pinion  and  dlustrates  pomts  abo\e  mentioned  Ihe  runner  is  lead 
in  at  the  bottoiil  by  use  of  a  cover  core,  a,s  descnl>e<I  in  drv-sand  mold- 
ing 

Molds  for  steel  should  be  more  than  dried,  they  should  be 
thoroughly  baked,  to  drive  off  e\er\  particle  of  moisture  This  pre- 
vents the  steel  boiling  in  the  mokl  and  cau'.ing  imperfections  in  the 
casting 

Where  but  little  machine  work  is  to  be  done  on  small  work  up  to 
1  ]  inches  thick,  the  molds  ma)  be  made  up  in  wooden  flasks  and 
poured  green.  For  this  class  of  work,  only  pure  quartz  sand  and  fire 
clay  are  used,  tempered  with  molasses  water.  These  may  be  made  up 
and  poured  on  the  same  day. 

STEEL  CORES 
\\T)ere  cores  must  be  made  in  halves,  one  set  of  half-cores  may  be 
made  and  baked.     The  other  half  is  then  made  and  rolled  over  directly 
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on  tlie  baked  half.  Fire  clay  wash  is  usetl  to  cement  the  joint  This 
methocf  allows  the  joint  between  halves  of  core  to  be  nicely  slicked 
down. 

Cores  for  steel  molds  are  made  up  in  boxes  similar  to  those  used 
in  the  iron  foundry.  Although  using  special  sands,  the  cores  are 
strengthened  with  iron  rods,  vented  with  cinders,  and  provided  with 
convenient  hangers  for  lifting,  as  described  in  previous  paragraphs. 

Steel  cores  must  \>e  more  collapsible  than  those  for  iron,  on  ac- 
count of  the  excessive  shrinkage  of  the  metal.    This  is  provided  for  in 
the  mixture  of  the  saiitl  usetl,  and  by  thoroughly  backing  the  core  to 
reduce  the  effect  of  the  binding  materials  to  a  minimum. 
MELTING 

The  melting  of  steel  is  a  science  by  itself,  and  cannot  l>e  dealt  with 
ade(]iiately  in  a  paper  of  this  character.  Only  a  very  brief  description 
of  the  process  will  be  given. 

The  main  feature  is  the  difference  in  application  of  heat  Metal 
is  melted  in  what  is  termed  the  Open  Hearth  furnace  a  sectional  plan 
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the  other  regeuerutor  section  of  the  furnace,  heating  up  its  brickwork. 
The  direction  of  the  gases  is  changed  about  every  twenty  minutes. 
TIic  regenerator  is  practically  a  tunnel  about  15  feet  long,  filled  with 
brickwork  built  up  as  shown  in 
Fig.  121.  About  4  heats  a  day 
are  run  from  the  furnaces. 

Samples  of  the  bath  are  an- 
alyzed at  intervals  during  the 
heat.  Guided  by  these  analyses 
the  pro])er  proportions  of  ores, 
fluxes,  and  pig  are  added  to  the 
l)ath  to  give  it  tlie  right  compo- 
sition, a  typical  analysis  of  whicli 
has  l>een  given.  '  "•'""   """  "■-■"■"'■"  """^■" '■•""• 

DRAWING  THE  HEAT 
Wicn  the  Imlii  is  in  proper  con<lition,  the  entire  charge,  lie  it  5 
tons  or  40  tons,  is  drawn  off  into  a  labile  previously  heateil  by  a  sj>ecial 
gas-humer.    This  laiile  is  iifteil  by  the  crane  and  carried  to  the 
pouring  fl<K)r. 

In  order  Ut  se<'ure  the  soundest  metal  free  from  pent  gases  or  slag, 
all  steel  for  ca.sting  pnqxxses  is 
tapj>ed  fnnn  the  Iwtttom  of  the 
laille.  'nie  stopper  is  carried  by 
a. stiff  round  bar  cnca.sed  in  fire- 
clay tubing.  This  passes  through 
the  liquid  metui  (see  Fig.  122}, 
an<l  may  be  raised  or  lowered  by 
an  arm  attache<l  to  a  rack-anil- 
pinion  mechanism  l>olte<l  to  the 
outer  .shell  of  the  la<lle  and  oi>er- 
ateil  by  means  of  a  large  hand 
wheel.  The  ladle  is  swung  into 
])i>.sition  with  ta|>-hole  directly 
over  (xmring  hea<l.  Four  men  hold  the  ladle  .steady  with  l<)ng  inin 
rmLs.  The  metal  thus  enters  the  mold  under  the  hcinl  of  pres.sure  of 
all  tiie  .steel  al)ove  it  in  the  ladle. 

When  all  steel  is  drawn  from  laxUc,  the  latter  is  swung  <in  its  wde 


Fig.  ■££.    Svcllnn  Thrnufih 
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Fig.  128.    Runner  Box  for 
Steel  Mold. 


near  furnaces,  the  stopper  is  removed,  and  all  slag  possible  is  racked 
out.  The  ladles  must  be  repaired  after  each  heat,  often  to  the  extent 
of  replacing  one-half  of  the  thin  fire-brick  lining. 

The  casing  of  the  stopper  will  last  for  but  one  heat,  as  the  rod  is 
sure  to  get  bent  out  of  shape.  The.  rods  are  repaired  by  a  blacksmith 
before  recasing  them. 

SETTING  UP  STEEL  MOLDS 

This  is  usually  done  by  a  diflFerent  set  of  men  from  those  employed 
to  make  the  molds. 

For  convenience  in  pouring,  runner  boxes  (Fig.  123)  are  rammed 

up  in  small,  round,  sheet-metal  boxes,  using 
a  wooden  pattern  to  form  the  hole.  These 
are  baked  in  the  oven. 

WTien  the  molds  are  properly  dried,  they 

should  be  removed  from  the  oven,  placed  on 

the  pouring  floor,  and  have  the  dust  blown 

out  with  compressed  air. 

Now  set  the  cores,  close  the  mold,  and  clamp  along  joint  flange. 

Set  runner  box  over  runner,  and  tuck  heap  sand  around  to  prevent 

leakage. 

This  Ijox  serv^es  simply  as  a  funnel-shaped  mouth  to  the  runner. 
In  pouring,  the  mold  is  filled  only  to  the  level  of  top  of  risers.  The 
metal  drains  from  the  runner  box,  thus  allowing  it  to  be  used  more 
than  once. 

CLEANING  STEEL  CASTINGS 

Steel  castings  do  not  run  as  smooth  as  cast-iron  ones,  but  they 
have  this  advantage:  If  they  show  only  slight  surface  defects,  the 
metal  may  I)e  peened  over  with  a  hammer  to  improve  appearance. 

The  intense  heat  makes  the  metal  burn  into  the  sand  greatly,  so 
that  cleaning  is  much  more  difficult.  The  sand  often  must  \)e  almost 
cut  from  the  castings  by  means  of  long  cold  chisels,  struck  with  sledges. 
Pneumatic  hammers  an*  used  to  a  large  extent  in  cleaning  and  in  re- 
moving fins  and  slight  projections.  Where  shrinkage  webs  will  show, 
thcv  must  l)e  cut  out.  Steel  will  not  break  off  as  does  cast  iron.  The 
heavy  gates  and  risers  must  Ik»  removed  by  metal  saws  (see  Fig.  124) 
or  by  drilling  a  number  of  1-inch  holes  side  by  side  through  the  base 
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of  the  riser  and  then  breaking  it  off.    The  castings  are  generally  i 
nealed  before  the  risers  are  cut  off. 


In  all  steel  castings  of  any  size,  cooling  strains  will  develop  on 
account  of  the  shrinkage.  These  should  be  relieved  by  annealing. 
In  suitable  trench-like  ovens,  the  steel  b  heated  to  a  dull  redness. 


Raw  80,360 

Annealed  81,767 

Improperly  annealed  79,421 


Fig,  134.    Cnttlng  all  Rlwr. 

This  allows  the  grain  to  assume  normal  conditions.  The  heating  is 
usually  done  with  a  wood  fire.  Overheating  renders  the  grain  coarse, 
and  weakens  the  casting.  Proper  heat  treatment  materially  increases 
strength  and  toughness,  as  indicated  by  the  following  figures: 

Et^ONOATlOH  KEDIXTIOS  OF  AHRA 

13.31%  16.2% 

27.6  %  40.4% 

14.3   %  17.87o 

This  shows  that  the  work  which  is  properly  annealed  is  not  only 
actually  stronger,  but  is  tougher  and  will  stand  more  hard  usage. 

BRASS  WORK 

Cast  iron  and  steel,  which  we  have  previously  considered,  are  two 
forms  of  the  same  metal — iron.  The  difference  in  their  physical 
characteristics  is  due  solely  to  a  variation  in  the  proportions  of  certain 
elnnents  or  metaloids  combined  with  the  iron. 

The  metals  to  be  dealt  with  in  this  section  are  termed  Alloyx — 
that  is,  mixtures  of  two  or  more  separate  metals. 

The  common  alloys  in  use  in  the  foundry  for  casting  various 
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machine  parts  are  made  from  combinations  of  Copper,  Tin,  and  Zinc, 
and  are  called  Bras,f  or  Bronze, 

Although  the  term  Brass  is  held  by  some  authorities  to  cover  any 
of  these  combinations,  the  general  classification  accepts  Brass  as  an 
alloy  of  Copper  and  Zinc,  and  Bronze  as  an  alloy  of  Copper  and  Tin. 
In  some  sections  the  latter  is  spoken  of  as  Composition, 

Bronze  has  been  used  by  man  in  all  ages.  Centuries  before  the 
Christian  Era  the  Egyptians  employed  it  for  making  coin,  armor,  and 
weapons,  as  well  as  household  utensils,  and  statuettes  of  their  gods. 
Analyses  of  many  of  these  ancient  relics  show  the  composition  to  be 
almost  identical  with  the  bronzes  of  the  present  day.  Brass  also  was 
in  use  l:)efore  the  time  of  Christ,  but  unquestionably  bronze  was  of 
earlier  origin. 

A  short  discussion  of  the  separate  metals  will  help  in  understand- 
ing the  properties  of  their  alloys. 

Copper  has  a  red  color;  it  is  hard,  ductile  and  very  tough.  It 
melts  at  about  2000°  F.,  but  it  is  difficult  to  make  castings  of  the  pure 
metal.  Copper  does  not  rust  as  does  iron,  and  is  one  of  the  best  con- 
ductors of  heat  and  electricity.  For  this  reason  it  is  largely  used  in 
sheet  form  as  a  sheathing  metal,  and  in  the  form  of  wire  or  rods,  for 
electrical  transmission.  Casting  Copper  is  put  on  the  market  in  ingots 
of  special  form  weighing  from  LS  to  25  pounds  each. 

Tin  is  a  white  lustrous  metal,  very  malleable,  l)ut  lacking  tenacity. 
It  may  be  reduced  extremely  thin  by  rolling,  as  is  shown  by  tin  foil. 
It  melts  at  450°  F.  When  a  bar  of  tin  is  bent  it  will  give  a  crackling 
sound  known  as  the  'Vtv'*,  which  at  once  distinguishes  it  from  other 
metals  such  as  solder,  lead,  etc.,  which  have  similar  external  appear- 
ance. It  is  put  on  the  market  in  pigs  weighing  about  30  pounds  and 
also  in  bars  of  about  1  pound  each.  Its  cost  is  approximately  fifty 
per  cent  more  than  copper  and  five  times  as  much  as  zinc.  Tin  may 
l)e  cast  unalloyed,  and  is  sometimes  used  to  run  pattern  letters  or 
small  duplicate  patterns  cast  in  zinc  chill  molds.  The  addition  of  one 
third  to  one  half  by  weight  of  lead  gives  a  cheaper  metal,  however,  and 
one  that  will  run  equally  well. 

Tin  mixed  with  copper  gives  greater  fluidity,  lower  melting  p>int, 
and  greater  strength,  changing  the  color  from  red  to  bright  yellow. 
Serviceable  alloys  may  contain  as  high  jis  20  per  cent  tin.  This  gives 
a  metal  of  golden  yellow  color,  very  hard,  tough,  and  difficult  to  work. 
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With  larger  percentages  of  tin  the  color  shades  to  gray,  the  metal  is 
hanl,  brittle,  and  has  little  strength,  and  has  no  value  for  engineering 
purposes. 

Zinc  has  a  bluish  white  color;  it  is  hard,  but  weak  and  brittle. 
The  fracture  shows  verj'  large  crj'stals  of  characteristic  shape.  It 
melts  at  about  700°  F.,  and  shrinks  but  little  in  cooling.  For  this 
reason  it  may  be  used  to  cast  directly  for  small  metal  patterns  to  form 
chills  from  which  soft  metal  castings  may  be  made  for  duplicating 
these  patterns.  If  exposed  to  the  air  at  high  temperatures,  zinc  will 
"volatilize,"  that  is,  turn  to  a  gas  and  bum.  It  bums  with  a  bluish 
flame,  and  throws  off  clouds  of  dense  white  smoke.  For  this  reason 
great  care  must  be  used  to  keep  the  air  away  from  it  as  much  as  possi- 
ble when  l)eing  melted  or  mixe<l  in  an  alloy,  for  aside  from  the  loss  of 
metal,  an  oxide  is  formed  in  the  mixture  which  impairs  the  quality  of 
the  alloy. 

Zinc  is  known  in  commerce  under  two  names.  When  rolled  into 
sheets  it  is  called  Zine;  when  in  ingot  form  for  casting,  it  is  called 
Spelter,  These  ingots  are  flat,  approximately  8x17x1  inch  thick, 
and  weigh  about  30  pounds.  In  this  form  they  may  be  easily  broken 
in  small  pieces  for  convenience  in  charging. 

Zinc  may  l>e  added  to  Copper  in  a  very  wide  range  of  proportions, 
the  alloy  increasing  in  hardness  and  losing  ductility  with  the  increase 
in  the  proportion  of  zinc.  The  color  changes  from  the  red  of  the  cop- 
per to  a  full  yellow  when  one  third  zinc  is  used.  Further  additions  of 
zinc  change  the  color  to  red,  yellow,  violet,  and  gray.  The  alloys  are 
ser\'iceable  up  to  40  or  50  percent  of  zinc. 

When  Zinc  is  mixed  with  melted  metal,  considerable  reaction  or 
boiling  takes  place.  This  tends  to  make  a  more  thorough  mixture 
and  to  drive  impurities  to  the  surface.  For  this  reason  a  small  pro- 
portion, 2  to  3  per  cent  of  zinc,  is  often  stirre^l  into  bronze  mixtures 
after  the  pot  is  drawn. 

Lead  has  a  bluish  white  color,  and  considerable  lustre  when  fresh- 
ly cut.  It  is  malleable,  soft  and  tough,  but  verj'  weak.  It  melts  at 
about  600°  F. 

I^ad  is  not  used  by  itself  as  an  alloy  with  copper.  A  verj'  small 
proportion  may  l>e  added  to  the  standanl  mixture  for  brass  or  bronze. 
It  will  cause  them  to  mn  more  fluid  in  pouring,  and  be  softer  for 
machining.     For  this  reason  lead  is  added  to  Ijearing  mixtures  to 
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advantage.     But  it  tends  to  deaden  the  color  and  reduce  the  conduc- 
tivity of  the  metal  for  electrical  purposes. 

Proportion  of  Mixtures.  The  figures  in  the  following  taUe  aie 
pven  in  percentages  on  one  side  for  convenience  in  comparison  and 
for  figuring  large  heats.  The  banner,  however,  will  generally  melt 
but  one  or  two  pigs  of  copper  at  one  time.  These  he  will  w^gfa  first, 
and  then  figure  the  other  portions  of  his  mixture  tiasn  this  wei^t. 
In  this  case  a  formula  given  in  pounds  and  ounces  is  much  ampler. 
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From  what  ha.s  been  said  it  will  be  understood  that  it  is  possible 
to  van,"  these  mixtures  to  meet  special  conditions.  To  harden  or 
toughen  an  alloy  increase  the  tin ;  to  soften  it  reduce  the  tin.  The 
same  is  tnie  with  zinc,  hut  it  will  require  larger  proportionate  changes 
in  this  metfil  to  effect  similar  results  in  the  alloy. 

Phosphorus  i.s  not  a  metal,  but  is  a  very  active  chemical  element 
manufactnrcil  fnnn  Iwne-ash.  It  has  such  an  afiinity  for  the  oxygen 
of  the  air,  that  in  its  pure  state  it  must  be  kept  underwater,  because 
the  slightest  scratch  would  cause  it  to  bum  fiercely.  It  forms  the 
principal  substance  used  in  making  the  heads  of  matches. 

As  a  rule  it  is  never  used  In  the  foundrj'  in  its  pure  state.  For  the 
production  of  Phosphor  Bronze  castings  there  are  several  combined 
forms  of  phosphorus  on  the  market.  The  most  convenient  of  these  is 
known  as  Phosphor  Tin.  This  is  metallic  tin  carrying  various  fixed 
pertrcntages  of  phosphorus  of  which  5  per  cent  is  one  verv  common 
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proportion.     Knowing  tlie  amount  of  phosphorus  carried  by  the  tin, 
the  exact  p^-oportion  for  the  entire  alloy  may  be  readily  calculated. 

This  element  should  not  be  used  in  alloys  containing  zinc  or  lead. 

It  acts  as  a  flux,  combining  with  any  oxidized  or  burned  impurities 
m  the  bath  of  metal  and  dri\ing  them  to  the  top.  It  tends  to  make  the 
tin  crystalline  in  form,  in  which  condition  it  unites  more  firmly  with 
the  copper.  It  apparently  unites  chemically  with  copper,  making 
that  metal  harder.  The  proportion  of  phosphorus  should  not  exceed 
.75  per  cent,  while  .25  to  .40  per  cent  are  safer  proportions. 

Two  typical  mixtures,  using  5  per  cent  phosphor  tin,  are  as  fol- 
lows: 

PHOSPHOR  BRONZB  MIXTURES 


For  a  Tough 
Alloy 


90. 


/o 


9;i5 


.25 


% 


For  a  Hard 
Alloy 

For  a  Tough 
Alloy 

For  a  Hard 
Alloy 

87.50  % 

Copper 

9  lbs. 

8|lbs. 

12.25 

Tin 

ilb. 
ilb. 

|lb. 

.25 

Phosphorus 

Phosphor  Tin 
Totals 

ilb. 

100. 

10  lbs. 

10    lbs. 

MATERIALS 

Natural  molding  sands  are  used  for  brass-work.  Thcj'  are  usu- 
ally finer  than  sands  used  in  iron-work,  because  brass  parts  are  gener- 
ally small  and  often  have  fine  detail  which  must  lie  brought  out  very 
sharp  in  the  mold.  For  this  reason  also  the  sands  should  have  more 
alumina  or  bond  than  iron  sands. 

This  increase  of  bond  is  possible  because  the  metals  entering  the 
mold  are  not  as  hot  as  iron,  therefore  do  not  rerjuire  as  much  vent, 
but  thev  have  a  greater  tendencv  to  **cut"  the  mold. 

For  the  general  run  of  work  the  whole  heap  is  kept  in  go<Kl  con- 
dition by  the  frequent  aildition  of  new  sand,  but  on  large  work  a  fairing 
mixture  is  used  similar  to  the  Iron  Found n'. 

Burnt  sand,  powdered  charcoal  and  partimol  are  all  grxxl  partinf/ 
materioLs,  The  last  two  are  best  on  small  work,  as  thev  make  a  rrlearier 
joint.  They  are  not  blown  off  of  the  patterns,  liecauv?  they  make  a 
good  facing  for  the  mold. 

The  brass  molder  ases  practically  the  same  kinds  of  to^Js,  such  as 
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shovels,  aeves,  rammers,  ami  mol<ler's  tools  general 
described. 

Snap  Flidts  may  be  used,  but  the  pins,  hinges  am 
be  kept  in  careful  adjustment  so  that  the  parts  of  the  mcA 


FIk-  is.    <A)  Flvik  for  Bnux (B>  Scmr  Clunp. 

perfectly.    Tie  same  is  true  of  the  larger  box  flasks  f 
The  most  Qr{HaU  braat  flasks  are  of  cast  iron  v 

fitting  round  8ted  pins.    See  Fig.  125  A.    They  h&v* 

joint  at  one  end  of  the  flaak  so  that  the  mold  may  he  set 

pouring. 

This  ^ves  a  dedded  additional  pouring  pressure  wi 

thickness  of  sand  over  the  castings. 

Boards  without  cleats  3upp»rt  the  sand  in  the  tlu-fk 


pig.  126.    Spill  Troiiirli. 
is  clampetl  before  setting  on  en<i  by  means  of  siinie  fi 
screw  clamp  similar  to  the  illustration.  Fig.  12o,  H. 

(Jreat  care  is  taken  in  the  brass  shop  to  save  all  si 
metal  possible.  To  this  end.  when  the  molds  are  ti>  I»e 
tliey  are  leaned  against  a  cast  iron  Spill  irnuijh  sliow 
There  should  lie  a  1-inoh  layer  of  saml  over  tlio  liiittoi 
The  crucible  Ls  heUi  ovtr  it  when  poiirinj;:  the  iiiol.is.  t 
possible  to  conveniently  catch  any  metal  that  is  .spilliil. 

For  thin  work  the  face  of  the  molds  are  skin  driid  t 
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moisture  Iwfore  the  metal  enters  the  mohl.  Dnjhuj  stoves  simUar  to 
Ki^.  127,  are  used  for  this  purpose.  When  tlie  mold  is  finished  the 
two  halves  are  carefully  sprayed  with  a  weak  molasses  water,  and  the 


Fig.  127.    Drj'lng  Stovt*. 

fladHs  set  on  end  on  the  wide  platform  with  the  face  of  the  mold  next 
the  stove.  When  .sufficiently  dn-  the  mold  is  clost^l  and  poured  at 
once. 

PRINCIPLES  OF  THE  WORK 

Brass  work  deals  as  a  rule  with  smaller  quantities  in  every  way 
than  does  iron  work.  The  patterns  are  generally  smaller  and  the 
brass  molder  takes  particular  pride  in  making  all  his  joints  so  neat 
that  hanlly  a  fin  will  show  on  his  castings.  The  matter  of  catching 
the  shot  metal  has  lx?en  mentioned.  Up  to  the  introducticm  of  the 
oil-melting  furnace  it  was  customarj^  to  heat  a  pot  of  metal  for  each 
molder.  The.se  heats  were  comparatively  .small,  .so  that  he  would 
make  up  po.ssihly  six  or  eight  molds,  then  draw  his  pot  and  jK)ur  them; 
running  in  this  way  several  heats  in  a  day. 

Using  the  furnace,  several  heats  are  run  each  day,  hut  a  much 
larger  quantity  of  metal  is  melted  at  each  heat,  so  that  the  w-ork  of 
several  molders  is  poured  with  exactly  the  .same  metal. 

A  mold  for  l)ra.ss  should  he  rammed  ahout  the  same  as  for  iron. 
On  name  plates  and  thin  work,  after  the  initial  facing  of  sifted  sand  has 
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been  properly  tucked  with  the  fingers,  the  flask  is  filled  heaping  full  of 
sand.  Then  by  the  aid  of  a  rope  hanging  down  from  the  ceiling,  the 
molder  springs  up  on  top  and  packs  the  mold  with  his  feet,  the  weight 
of  his  body  giving  the  right  degree  of  firmness  to  the  sand.  Stove- 
plate  molders  often  pack  their  flasks  in  the  same  way. 

The  main  difference  l)etween  making  up  molds  for  brass  and 
those  for  iron  are  due  to  three  causes:  Brass  melts  at  a  lower  heat; 
it  does  not  run  as  fluid  as  iron;  it  has  about  double  the  shrinkage  of 
iron. 

For  these  reasons  the  sand  may  be  somewhat  less  porous  and  still 
vent  sufficiently,  if  risers  are  placed  to  allow  for  the  escape  of  the  air. 
On  bench  work  the  vent  wire  is  not  used. 

The  runners  for  brass  should  be  larger  than  for  iron,  and  the 
gates,  instead  of  being  broad  and  shallow,  should  be  more  semicir- 
cular in  section.  Pouring  molds  on  end  gives  the  pressure  necessary 
to  force  a  more  sluggish  metal  to  take  a  sharp  impression,  and  the 
heavy  runners  shown  in  the  following  examples  serve  to  feed  the  cast- 
ing as  it  shrinks. 

Forms  of  skimming  gates,  as  explained  in  an  early  section,  are 
used  to  advantage  on  work  of  a  very  particular  nature.  l 

EXAMPLES  OF  WORK 

To  illustrate  more  clearly  some  of  the  typical  methods  of  brass 
work,  let  ouffirst  example  be  a  thin  flat  plate  with  decoration  in  low 
relief  on  one  side. 

Place  the  pattern  face  down,  a  little  below  the  center  of  flask. 
Sift  on  facing  through  a  No.  16  sieve,  then  tuck,  fill  and  pack  as  pre- 
viously (lesf  rihed.  Roll  over  and  make  a  joint.  Now  cut  a  half  sec- 
tion of  the  main  runners  and  risers,  but  do  not  connect  them  with  the 
mold  at  this  stage.  Dust  on  parting  material  from  a  bag,  and  ram  the 
other  half  of  flask  just  hard  enough  to  stand  handling.  Separate 
flask;  spray  face  of  mold  with  weak  molasses  water,  and  dust  on  it 
from  a  bag  some  finely  powdered  pumice  stone,  or  any  fine  strong 
sand,  and  over  this  a  little  parting  dust.  Now  replace  this  half  over 
the  pattern  and  re-rani  to  the  re(|iiired  firmness  and  again  separate  and 
this  time  draw  the  pattern. 

The  inipressior.  of  the  runners  and  risers  cut  in  the  first  half  of  the 
mold  will  show  as  ridges  on  the  set*ond  half  packed,  and  serve  as  guides 


510 


FOUNDRY  W<:H{K 


125 


for  cutting  the  runners  to  a  full  round  section.  Connect  the  gates  in 
four  places,  as  shown  in  Fig.  )  2S  A.  Skin  drj'  the  mold  and  it  will  be 
ready  to  close  and  pour. 

Dusting  fine  sand  on  the  face  of  the  mold  then  reprinting,  as  it  is 
termed,  ensures  a  verj-  smooth,  perfect  mold  face.    Where  the  mold 


Fig.  128.    (A)  Mola  ti.r  Thin  l'late.-{HJ  Moia  dir  Wraxy  Plale. 

is  not  skin  dried,  ^our  is  dusted  over  the  face,  allowed  to  .stand  for  a 
short  time,  and  then  blown  otT.     This  makes  a  giMnl  facing. 

Cutting  the  heavy  runner  over  the  top  of  the  thin  plate  ensures  a 
sufficient  supply  of  clean  hot  metal  to  the  gates 
under  pressure  enough  to  force  the  metal  into 
every  detail  of  the  mold  before  it  bus  time  to  chill. 

B,  Fig,  128,  shows  the  difference  in  constriK'- 
tion  of  gate  when  a  heavier  piece  is  cast  with  the 
flask  setting  horizontally.  The  gate  proper  is  cut 
in  the  drag,  but  a  gootl  feeding  head  is  cut  out  of 
the  cope  .lide  to  keep  the  metiil  in  the  riser  li<|uid 
until  the  casting  has  .solidified. 

For  duplicating  work  the  sjind  match,  oil 
match,  or  follow  Ixiard  an-  used,  the  siune  as  for 
iron  work. 

Fig.  12fl  shows  a  typical  .set  of  castings  run 
from  the  end  an<l  made  fnun  gatcti  patlenis  set 
in  an  oil  match.  Steady  pins  are  placiil  on  the 
gates  to  facilitate  u  clean  lift. 

Cores  for  brass  work  are  made  up  as  previously  described.    To 


FOUNDRY  WORK 


give  a  smoother  surface  on  the  small  cores  alwiit  one  third  molding 
sam!  is  often  mixed  in  witli  the  l)each  sand  of  the  stock  mixture. 
CLEAN  rNG 
When  the  castings  are  taken  from  the  sand  thev  should  be  rapped 
smartly  to  free  all  loose  sand,  then,  if  machining  is  to  be  done  on  them, 
they  shouki  he  plunged,  while  hot,  into  water.    This  softens  the  cast- 
ings.   This  method  is  used  also  to  blow  out  cores  from  small  work. 
A  Sprue  Cutter,  shown  in  Fig.  130,  is  part  of  the  equipment  of  a 
brass  foundrj-.     These  machines  are  made  to  operate  by  foot  as  shown 
or  by  power.     With  them  the  castings  are  cut  neatly  and  quickly  from 
the  runners. 

Brass  does  not  burn  into  the  sand  as  inuch  as  iron,  therefore,  in 
many  shops,  the  small  castings  are 
brushed  clean  l)efore  being  cut  from 
the  gates,  by  means  of  a  circular 
scratch  hnish  mounted  on  a  spindle 
similar  to  a  polishing  wheel. 

A  good  method  of  cleaning  brass 
and  bronze  is  by  pickling.  Make  a 
mixture  of  2  parts  common  nitric  acid 
and  1  part  sulphuric  acid,  in  a  stone 


Fig.  1»0.    Sprue  Ciitwr.  Fig.  131,    DlpplUE  H 

jar.  I'lat'e  the  piece  to  lie  cleaned  in  a  stone  dipping  basket,  Fig.  131 , 
and  dip  once  into  the  a(ul,  then  wash  off  in  clean  water  and  drj-  in 
sawdust. 

In  niiuiy  ca.srs  brass  chips  and  filings  will  l>e  tiirnc<l  back  tu  the 
foundry  In  be  rfinclled.  The  smallest  [Mirfions  of  steel  or  iron  in 
tlie.sc  wiHild  prevent  their  being  u.sed  in  this  way,  as  tliej'  make  ex- 
tremely hard  spots  in  the  castings. 
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Fig,  1^12  shows  a  magnetic  separator  which  effectively  removes  all 
steel  ami  iron  chips.  The  brass  chips  an<l  sweepings  from  the  ma- 
chine shop  are  placet!  in  the  hopper  of  this  machine.  They  are  caused 
to  be  spread  out  on  one  side  of  a  slowly  revolving  brass  covered  drum, 
A.  Inside  of  this  brass  shell  are  strong  magnets  which  hold  the  steel 
an<I  iron  chips  to  the  surface  while  the  brass  chips  drop  off  into  a  tote 
box.  .\  stiff  brush  at  the  back  of  the  cylinder  removes  the  iron  chips 
and  they  dn)p  into  a  separate  lx>x. 

MELTINQ 

All  alloy  metals  bum  if  exposetl  to  the  air  while  melting,  and 
cially  zinc  and  tin.     To  pre\'ent  tins  burning  the  bra.ss  raelter 


Fig    132.    sragneilc  Sppariitcir 

endeavors  to  control  the  ilraft  in  Ins  furnace  so  that 
ail  oxygen  entering  the  gates  will  combine  with  the 
fuel,  so  that  gases  which  may  reach  the  metal  shall 
contain  no  free  oxygen. 

For  this  reason  the  ordinary  brass  furnace  is 
a  naturaUlraft  furnace,  although  a  forced  draft  is 
often  connecte<l  t)elow  the  grates  to  make  <-om- 
bustion  imlependent  of  atmospheric  conditions. 

The  metal  does  not  come  in  -direct  contact 
with  Ihe  fuel,  but  is  coiitainttl  in  liren-lay  [Kits    ,,.,^  ^^  ,,^, 
called  crucibles,  which  arc  Intlded    in   the   fire.  '"' 

Hani  coal  or  (-(tkc  is  used  for  fuel. 

These  criirihIrH,  Fig.  |;!;>,  .■\,  are  nianufacturetl  from  a  \ 
fractoiy  fire-clay  mixture  and  are  strong  and  tough  even  at 


cry  re-  ■ 
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temperature.  They  are  lifted  in  and  out  of  the  furnace  by  the  tongs 
shown  at  B,  Fig.  133.  For  the  larger  sizes  a  crane  is  used  for  hoisting 
the  pot. 

Crucibles  are  made  in  a  great  variety  of  sizes,  as  they  are  used  in 
many  different  metal  industries,  from  that  of  the  jeweler  to  that  of  the 
steel  manufacturer.  They  are  classed  by  numl)er,  the  following  table 
gives  data  regarding  a  few  sizes. 

SIZES  OF  CRUCIBLES 


Nos. 

Holding  Capa 
Liquid  Meas 

city 
ure 

Pt. 

Height 
Outside 

Diameter  Diameter  Diameter 
at  Top     at  Bilge   at  Bottom 
Outside     Outside  ,  Outside 

Capacity 
in  Weight 
of  Water 

0 

Gal. 

Qt. 

Inches 
2 

Inches 

Inches       Inches 
IH       1       IK 

0000 

8 

2H 

2W       1     Uh 

2.06 

6 

1 

654 

65i 

■   5«8              ZH  . 

13 

1 
3 

4 

2 

8 

6K 

6)4        ,        5 

4.16 

90 

1 

1 

11 

BH 

by*     1     654 

11  .*» 

00 

14 

15^8 

lOH 

llVg        1        8 

25. 

90 



u% 

1254                9                 88  8 

800 

12 

2 

22 

I6ii 

\7%              1554        !     104. 

The  melting  capacity  of  any  of  these  sizes  may  be  obtained  by 
multiplying  the  figure  given  in  the  column  "Weight  of  Water"  by  the 
specific  gravity  of  metal  to  he  used. 

New  crucibles  should  always  be  annealed  before  using,  that  is, 
brought  verj^  slowly  to  a  low  red  heat.  This  drives  out  any  moisture 
absorbed  from  the  air  since  coming  from  the  kiln  in  which  they  were 
baked.     Disregard  of  this  generally  results  in  a  cracked  crucible. 

Natural  Draft  Furnaces  are  usuallv  calletf  brass  furnaces,  and 
may  be  bought  on  the  market  made  up  in  single  <i;omplete  units. 

Fig.  134  illustrates  one  of  a  battery  of  severaft  furnaces  connecting 
with  a  common  flue.  The  top  is  on  a  level  with  the  molding  floor. 
The  sketch  shows  clearly  the  principles  of  construction.  A  cast  iron 
bottom,  plate  A,  with  a  circular  opening,  carries  a  shell  of  boiler  plate 
lined  with  fire  brick.  The  diameter  of  the  inside  lining  should  be  6 
inches  larger  than  the  crucible  to  be  used.  A  top  plate,  with  a  similar 
opening,  binds  the  whole  together.  On  one  side,  below  the  top,  an 
opening,  B,  which  may  be  formed  by  a  cast  iron  box,  connects  with  the 
flue  or  stack.  Two  heavy  ribs,  cast  on  the  bottom  plate,  rest  on  a 
pair  of  rails  as  shown,  and  these  rails  are  supported  by  suitable  piers  of 
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brickwork,  about  two  feet  high,  so  that  ashes  may  be  conveniently 
removed  when  the  furnace  is  dumped.  In  the  space  between  the 
bottom  plate  and  rails,  made  by  the  ribs,  the  grate  bars,  C,  are  set. 
These  bars  are  loose  and  may  be  pulled  out  when  it  is  desired  to  dump 
the  fire  for  the  day. 

Operation.     In  running  off  a  heat  a  bed  of  freshly  lighted  fuel 
about  8  inches  deep  is  made  over  the  grate  bars.    The  crucible,  packed 


Natural  Draft  Furnace 
as  full  as  possible  with  the  chai^,  is  lowered  m  an<]  the  space  around 
it  filled  with  fuel  The  crucible  aliould  be  kept  cohered,  especially 
for  brass.  In  melting  brasb,  melt  down  the  copper  fir^t,  then  the 
scrap.  When  this  is  melted,  chaige  the  7mc  and  stir  well  before  lifting 
the  pot.  Allow  the  mixture  to  come  to  the  pmpcr  heat  again,  then 
pull  the  pot,  skim  off  the  dross,  and  stir  in  the  lead  if  any  is  called  for, 
just  before  pouring. 

In  bronze  the  same  method  is  pursued,  but  both  the  tin  and  zinc 
are  stirred  in  after  the  pot  is  drawn. 

In  mixing  in  the  zinc  in  brass,  care  rnu.st  be  taken  to  plunge  it  well 
under  the  surface  of  the  copper  with  long  handled  pick-up  tongs,  and 
to  hold  the  piece  down  with  the  stirring  bar  until  it  Iuls  melted. 

Where  a  large  casting  requires  more  metal  tliaii  can  Iw  melted  in  a 
^n^e  crucible,  several  furnaces  must  \>e  iiscl  and  the  contents  of  their 
various  crucibles  assembled  into  one  laige  pouring  ladle  just  before 
pouring. 
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Qas  or  Oil  Furnace.  With  the  development  of  natural  gas  and 
crude  oil  l»urners  for  commervia)  heating,  several  good  furnaces  have 
been  designed  in  which  a.  large  quantity  of  metal  can  be  melte<l  at  one 
time. 

Fig.  135  shows  a  furnace  of  this  character  in  section.     This  tj-pe 


Fig,  135.    Section  Thmugh  Oil  Punuwe. 

has  tandem  melting  chambers  with  burners  at  the  end,  wbich^may  be 
used  separately  or  both  together.  The  waste  gase.s  from  the  bath  of 
liquid  metal  are  used  to  heat  up  a  fresh  charge  in  the  other  chamber. 


Th<  in' t  il  is  <  1)  ii^i  .1  mill  |M>i|]t  il  Inmi  tin  t>]n  iiin;!';  at  the  top  of  the 
fitiiiK.  I  nil  .liiiiilxr  iiii\  !•(  um'ImiI  siptritel>,  to  empty  the 
funine  when  ilii  diir^t  i-.  united  1 1;,  I  i(»  show,  the  general  ar- 
rangement of  the  oil  feed  pump,  and  blower  for  these  melting  furnaces. 
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The  flame  plays  directly  on  to  the  metal.  The  oil  pressure  should 
remain  constant  at  about  5  pounds  per  square  inch.  But  the  air  pres- 
sure is  regulated  to  vary  the  intensity  of  the  heat  as  desired. 

The  pouring  ladle  must  l)e  well  heated  before  using.  This  is 
done  with  a  special  gas  burner,  or  when  crucibles  are  used,  they  are 
often  heated  by  means  of  a  small  fire  in  an  ordinary  furnace. 

Different  sizes  of  furnaces  are  built  to  melt  from  250  to  2000 
pounds  of  metal  at  a  heat.  Twelve  or  fourteen  heats  a  day  can  be  run. 
The  saving-Mr  aimroximately  50  per  cent  in  time  and  is  also  verj'  con- 
sideimble  jh^JHpise,  over  ordinary  crucible  furnaces  of  equal  capacity. 

.     ^^^  "  >  SHOP  MANAGEMENT 

T&  suoo^of  a  foundry  depends  upon  the  ability  of  its  managers 
to  fnomptiy  tuij^Fout  castings  which  will  meet  the  requirements  de- 
manded 4i  ttikm,  at  the  lowest  possible  cost  commensurate  with  the 
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cjuality  of  the  work.  In  this  chapter  wc  wish  to  direct  the  attenti(m  of 
students  to  some  features  in  the  way  of  ecjuipnient  and  nuinagenient 
which  aid  in  accomplishing  these  results. 
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The  most  important  prcx:esses  in  the  foundry  are  melting  metal, 
making  molds,  and  pouring  them.  Much  of  the  work  necessary  id 
preparing  for  these  processes  consists  of  handling  heavy  materials  such 
as  coke,  iron,  sand,  etc.  To  reduce  this  handling  to  its  lowest  limits, 
as  to  distances,  number  of  re-handlings,  and  methods  of  conveyance, 
are  problems  to  be  considered  in  the  plan  of  the  shop  as  a  whole. 

To  briefly  illustrate  some  of  the  points  to  be  brought  out,  let  us 
consider  the  plan  of  a  shop  shown  in  Fig.  137,  and  its  sectional  ^eva- 
tion  shown  in  Fig.  138. 

The  building  is  of  steel  construction  and  the  columns  supporting 
the  roof  trusses  sen'e  also  to  carry  the  tracks  for  the  overhead  taaveliog 


The  outer  walls  should  be  filled  in  with 


good  mathet^re- 


Plg.  158.   Typical  Elevation  of  Foandiy. 
si.sting  material  of  which  there  i.s  nothing  better  than  brick.     These 
walls  should  be  of  good  height  and  have  a  sufficient  window  area  to 
supply  light  well  in  toward  the  middle  of  the  shop. 

The  method  of  heating  and  ventilation  be,st  adapted  for  a  foundry 
is  the  in«Iirect  fan  system.  One  or  more  large  fans  situated  generally 
toward  the  ends  of  the  shop,  draw  fresh  air  in  through  a  compact  sys- 
tem of  steam  coils,  and  by  means  of  overhead  piping  deliver  it  to  all 
portions  of  the  shop.  The  impure  gases  are  carried  off  through  venti- 
lators in  the  clear  stor^-  at  the  top  of  the  roof. 

The  floor  of  the  foundrj-  should  cimsist  of  molding  sand,  the  depth 
of  the  sand  floor  vanning  with  the  cla.w  of  work  to  l)e  done.  If  the 
imtural  soil  (if  (lie  grounds  is  open  and  jwriius,  a  thickness  of  3  or  4 
imhi's  of  clay  well  rol!e<l  down  .should  I>e  put  in  underneath  the  sand 
floor.  This  will  help  greatly  in  keeping  the  molding  floor  in  good  con- 
dition, a.s  it  prevents  the  moisture  draining  out  of  the  sand. 

The  foundry  office  should  be  located  at  such  a  point  that  the  fore- 
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man  can  command  a  view  of  the  wliole  shop.  It  slioiild  be  convenient 
to  the  difTerent  departments  and  at  the  same  time  be  protected  r^s  far 
as  possible  from  dust.  The  office  room,  shown  in  Fig.  137  at  A,  is 
built  on  the  outside  of  the  main  bui](Hng,  but  has  a  large  bay  window 
which  projects  a  few  feet  into  the  shop  from  which  all  corners  of  the 
foundry  can  be  seen. 

A  space  B  having  suitable  low  tables  and  shelving,  is  reserved  near 
the  office  for  the  temporarj'  storing  of  patterns  in  daily  use.  This 
brings  them  directly  under  the  attention  of  the  foreman  and  his  assist- 
ants wJljq  can  readily  check  the  patterns  as  they  come  in  and  quickly 
find 'tt&e^lfq^ring  prompt  attention. 

.,'  At  C  is  sho^ni  the  cupolas,  directly  opposite  the  foreman's  office, 
andi^Vtuated  that  all  of  the  molding  floors  may  be  served  as  quickly 
as  ipdaakie  without  interfering  one  with  the  other. 

In  largjB  foundries  there  are  two  or  more  cupolas,  to  admit  of 
different  mixtures  being  melted  simultaneously.  Often  a  compara- 
tively small  cupola  is  installed  near  the  floor  for  light  work  for  the 
service  of  that  floor  alone. 

The  blow^ers  should  be  placed  near  the  cupolas  avoiding  long 
connecting  wind  pipes.  The  application  of  electric  motors  removes 
the  necessity  of  concentrating  the  power  at  one  point  in  the  shop. 

The  main  bay  of  the  foundry  is  devoted  to  the  heaviest  work  and 
is  served  by  at  least  two  overhead  cranes. 

The  heavy  green  sand  castings  are  made  at  one  end  so  that  the 
flasks  for  this  work  may  be  stored  in  yards  near  by  and  l)e  brought  in 
through  the  door  D.  These  molds  are  made  up  furthest  from  the 
cleaning  shed  because  only  the  castings  themselves  need  be  transferred 
there. 

The  flasks  and  rigging  for  the  dry  sand  and  loam  molds  should  \>e 
brought  in  through  the  opposite  door,  E.  The  loam  work  as  a  rule 
is  the  most  bulky  to  handle  and  should  be  nearest  the  cleaning  sheds 
so  that  it  need  not  be  carried  across  the  other  floors.  Both  dry  sand 
and  loam  floors  are  convenient  to  the  large  ovens,  F. 

The  core  shop  is  situated  in  the  side  bay  at  G,  to  make  it  con- 
venient to  swing  the  large  cores  on  to  the  buggies  to  be  run  into  the 
large  ovens.  A  jib  crane  near  the  comer  of  these  ovens  makes  the 
men  working  on  such  cores  independent  of  the  traveling  crane.     The 
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ovens  for  small  cores  are  l>uiU  along  the  side  of  tlic  large  ovens  and 
utilize  the  same  stt»ke  hole,  ash-pit  and  slack. 

Distributed  through  the  si<ie  hays  also  are  the  medium  work 
floor  H  the  light  work  floor  I  and  the  molding  machine  floor  J. 
This  ensures  a  supply  of  good  light  necessary  to  the  smaller  details  of 
this  class  of  work. 

The  molding  machines  are  placed  on  that  side  of  the  shop  near 
the  sand  storage  sheds,  to  allow  for  handling  the  aand  by  means  nf  l)elt 


Sand  Mixer. 

conveyors,  with  hoppers  above  the  marhincs.  an  ilhislration  of  which 
is  shown  in  Fig.  139. 

The  sand-mixing  space  is  in  the  side  Imy  near  the  cupolas  at  K. 
and  i.s  furnished  with  |>ower  from  indepemlent  motors  or  from  a  jack 
shaft  leading  from  the  blower  room.  This  position  affords  direct 
access  to  the  saml  bins.  The  raw  material  after  being  mixeil  and 
tcinpered  is  delivered  by  barrow  or  sand  car  direct  to  the  various  floors. 
The  mixers  might  l>e  in.stalle<i  in  one  of  the  storage  vaults  acro.s,s  the 
niadway. 

The  (juickest  means  of  unloaihng  either  wagon  or  carload  lots  of 
niiiterial  is  by  dumping,  where  the  material  can  be  so  handled.  ( )ne 
of  two  things  is  nccessarj'  to  accomplish  this:  either  the  storage  bins 
must  be  placed  in  a  basement  underneath  the  roadbed,  or  the  roadway 
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iiiiist  Itc  mil  up  an  incline  over  the  tii|)  iifthe  liiiis,  'I'lif  formcmictii- 
(ui  is  iimrt-  frwjiH'iitly  "ift  with  in  tlic  crdwdiil  wtmlitiim  iif  the  large 
cities.  Imt  the  latter  in  preferahle  l)ei'aii.se  less  time  is  consumed  in  run- 
ning; mitlcriul  up  an  incline  in  lurge  iguantitieK  than  will  l>e  required  to 
hoUt  Htnall  quantities  more  fnspientl/  from  a  Imsement. 

At  I-  iinil  I/,  Figs.  KJ7-13S,  is  shown  the  stomge  yards  for  pig 
imn  anil  rx)ke;  these  ure  on  a  level  with  the  charging  plutform  iif  the 
nipola  r  C.  and  can  lie  loadetl  on  cars  and  pushed  ilirectlv  to  tlie 
oharj^iig  door.  In  some  modem  sho{>s  these  push  cars  are  bnilt  so 
thut  llieir  load  may  l>e  dumped  as  a  whole  iulo  the  cupola, 

t^be stf iragc  for  core  oven  fuel,  sands  and  chiy.  is  shown  at  M  M, 
in  t|ns  built  uiidirncath  the  Iracks  imd  on  ii  Icvd  with  the  foundry 


floor.  These  !)ins  should  Ijc  arrange<l  to  open  on  lop  with  a  sliule 
under  the  tra<.'k  and  a  trap  at  the  side  so  that  coal  or  siuid  may  either 
be  dumped  or  shoveled  directly  into  them. 

In  the  largest  shops  a  standard  gauge  track  shouhi  run  directly 
tlirough  Ihe  main  foimdry,  also  .similar  tracks  through  the  niadway 
iicjil  till-  cupola  Ixiy.  for  convenience  in  removing  the  dump.  The 
track  over  the  storiige  bins  has  Iwen  mentioned. 

Two  methods  of  transferring  material  between  departments  with- 
in the  shop,  aside  from  the  cranes,  are  ihe  overliead  trolley  system,  Fig. 


136  FOUNDRY  WORK 


140,  and  the  narrow  gauge  industrial  railway.  The  former  is  of  ad- 
vantage in  manufacturing  plants  where  the  loads  to  be  transferred  are 
nearly  uniform  in  weight  and  frequency  of  handling.  This  system 
leaves  gangways  smooth  and  free  from  obstructions.  For  general 
work,  however,  the  industrial  railways  are  more  frecjuently  installed. 
These  ^etve  all  floors  to  deliver  flasks,  sand,  or  iron,  and  to  remove 
castings. 

Of  the  many  styles  of  overhead  traveling  cranes  that  are  on  the 
market  those  using  electricity  as  the  motive  power  are  undoubtedly 
the  most  ser\'^iceable.  The  cranes  in  the  main  foundry  indicated  at 
O',  Fig.  138,  should  have  two  hoisting  drums  on  the  carriage;  one  for 
such  light  work  as  handling  flasks,  rigging  and  patterns,  the  other  for 
the  heavy  work  on  the  large  ladles  and  castings. 

Small  jib  cranes  furnished  with  a  2-  to  4-ton  air  or  electric  hoist 
placed  on  the  side  of  a  man's  floor  make  it  possible  for  the  molder  and 
helper  to  handle  work  of  considerable  size  by  themselves,  and  pre- 
vent loss  of  time  waiting  on  the  overhead  crane. 

The  method  of  distributing  the  melted  metal  varies  with  the  class 
of  work  made.  In  shops  doing  general  jobbing  work,  the  ladles  for 
pouring  the  largest  work  are  carried  from  the  cupola  direct  by  the 
overhead  cranes. 

For  serving  the  floors  in  the  bays  one  of  the  systems  mentioned 
above  is  generally  used.  The  metal  is  conveyed  to  the  floor  in  a  large 
ladle  and  from  this  smaller  ones  are  filled  and  carried  bv  hand  or  bv  a 
small  crane  to  the  molds. 

The  cleaning  dej)artnient  should  be  situated  at  one  end  of  the 
shop  near  K,  Fig.  137,  or  in  a  shed  extension  to  the  foundrj'  proper. 
It  recfuires  space  to  pile  the  castings  as  they  are  brought  from  the 
floors  with  sufficient  room  f(fr  the  men  to  l)egin  work  on  these  piles. 
As  a  rule  the  smaller  castings  are  first  collected  and  put  through  the 
tumbling  barrels,  then  the  medium  work  is  cleaned  by  hand  or  sand 
blast;  this  leaves  room  for  work  around  the  largest  pieces.  As  socm 
as  castings  are  cleaned  they  are  weighed  and  shipped  to  the  customer, 
store  house,  or  to  the  department  which  does  the  next  operation  upon 
them. 

DIVISION  OF  LABOR 

The  division  of  labor  in  a  foundrv^  is  brieflv  as  follows: 

The  superintendent  is  responsi})lc  for  the  operation  of  the  foundry 
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as  a  whole.  He  hires  the  men  and  oversees  the  purchtise  of  materials 
an<l  supplies,  having  under  him  clerks  who  keep  track  of  the  details  of 
this  work.  Some  of  the  things  to  which  he  gives  personal  attention 
are: 

In  eonsultation  with  his  foreman  he  gives  personal  attention  to 
the  reeeipt  of  the  most  important  patterns;  decides  how  they  shall  l)e 
molded;  on  what  floor  and  what  mixture  shall  Ik:  used  to  j)our  them. 
lie  devises  ways  and  means  of  increasing  the  pnKluctiveness  of  his 
shop. 

The  foreman  or  his  assistants  must  be  in  the  shop  a  sufficient 
time  Ijefore  work  liegins  for  the  day  to  st*t»  that  each  molder  has  work 
laid  outt^r  him,  and  must  keep  the  men  supplie<l  with  work  through 
the  da^^He  estimates  the  amount  of  the  charge  for  the  <lay  and 
directs  the  melter  as  to  mixtures. 

It  is  the  duty  of  the  foreman  and  his  assistants  to  give  directions  to 
the  apprentiee  Ijoys  and  to  see  that  these  directions  are  carrie<l  out  to 
the  best  of  the  l)ovs*  ability. 

The  molders  should  give  their  entire  time  to  making  up  molds. 
On  floor  work  they  are  usually  given  a  helper  who  totes  flasks,  cores, 
ehaplets,  etc.,  and  does  the  heavier  work  when  handling  the  sand. 
When  the  molds  are  poured  and  his  flasks  strip[>ed  off  the  molder  is 
through  for  the  day. 

Most  modern  sho{)s  emplc»y  a  night  gang  of  laborers  to  put  the 
shop  in  proper  shajn*  for  the  inoldcrs  to  start  their  spc<ial  work  im- 
mediately when  the  whistle  blow^  in  the  inr)rning.  "^riM'-e  men  re- 
move the  castings  fn^m  the  sand  and  tran-Nfer  tlicni  to  the  r-leaning 
shed.  They  pick  r»ut  all  bars  anrl  gaggcr>  u>crl  in  the  mold-  aiirl  -tow 
them  in  place.  They  tem|KT  and  cut  the  -and  anrl  dig  away  pit-  nce- 
essarv'  for  l»edding  in  work. 

CHECKING   RESULTS 

The  methcnls  of  mixin;r  iron  bv  analv-i-  havr  \ti'i-\\  ili.j!*  v  '•■.  !•: 
an  earlier  chapter,  but  tlie-e  mixture-  rnu-i  b«*  i'h»-«I-.»-'!  ■  •  :»:.;  -Si. 
tests  on  the  resulting  ca•^tinL'-. 

Two  svstems  an*  now  in  more  i»r  |e--  iri-ij^ml  !]-♦•  T:.r«'  :j:.  •:'  *:.♦• 
rnite^l  States. 

Mr.    W.    .J.    Kerj»,    of    lU'lTnU.    Mirliii^Mn.    v.j...    J;.:.    :.!.:    .     'J   t-.- 

jR-jrience  in  thi-  -iibi»*<-t.  ]m-  i::-.»rjN-«l  :t  ■■•■rv  «  or:::.'.t -»■  -..-•.::.  ■  :'  r-\r^- 
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lating  mixtures  which  he  terms  ''Mechanical  Analysis/*  Fig.  141  A 
shows  a  follow  board  arranged  with  patterns  and  yokes.  The  test 
bars  are  \  inch  square  and  12  inches  long.  They  are  cast  in  green 
sand  with  their  ends  chilled  against  the  faces  of  the  cast  iron  yokes, 
shown  in  the  cut.  Three  molds  should  l^e  cast  each  heat,  and  the 
test  bars  allowed  to  cool  in  the  molds. 

Mechanical  Analysis  is  based  on  the  fact  that  silicon  is  the  most 


A  B 

Fij?.  HI.     (A)  Keep's  Test  Bar  Pattern.— (H)  Measuring  Shrinkage. 

important  variable  chemical  element  in  cast  iron,  and  that  shrinkage  in 
castings  is  directly  proportionate  to  the  silicon  in  the  mixture. 

The  first  test  is  to  replace  each  bar  in  the  same  yoke  in  which  it 
was  cast  and  by  means  of  a  specially  graduate<l  taper  scale  ascertain 
accurately  the  amount  of  shrinkage,     tree  Fig.  1 41 ,  B. 

The  shrinkage  of  the  bars  when  tlie  castings  [)rove  satisfactor.- 
should  be  considered  the  standard  for  tliat  class  of  work  for  that  shop. 
If  at  any  time  the  shrinkage  is  greater  than  the  standard,  increase  th(» 
silicon  by  using  more  soft  pig;  if  it  is  less,  decrease  silicon  l)y  using  more 
scrap  or  clieaper  iron. 

'^riie  depth  of  chill  on  the  castiii:^s  is  measured  after  chipping  off 
a  piece  from  the  end  of  the  bar. 

'^riie  third  test  is  to  obtain  the  transverse  strength  of  each  bar. 
This  is  (lone  on  a  special  testing  machine  which  gives  a  graphical 
record  of  the  (lefl(»ction  and  ultimate  breaking  load.  These  dea  1 
loads  will  vary  with  dilferent  mixtures  approximately  from  340  to  50() 
pounds. 

(Quoting  from  Mr.  Keep's  circular: 

"Willi  liif^h  shrinkage  iind  high  strength  of  a  J-inch  square  test  bar,  heavy 
eastings  will  be  strong  l)Ut  small  eastings  may  be  l)rittle. 

"With  low  shrinkage  and  high  strength  large  castings  will  be  weak  and 
small  eastings  will  be  strong. 

"With  uniform  shrinkage  an  inereas  •  in  th(»  strength  of  a  J -inch  s(|uaro 
t«sl  bar  will  increase  the  strength  of  all  castings  |)ro|X)rtionately." 
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The  other  form  of  tests  was  (levise<I  by  a  committee  of  the  Amer- 
ican Foimdrj'men's  Association,  and  is  recommended  in  the  Proposed 
Standard  Specifications  for  Gray  Iron  Castings  by  the  American 
Society  for  Testing  Materials.  A  partial  summar)-  of  these  specifica- 
tions is  as  follows : 

"Unless  furnace  iron  is  specified,  all  gray  castings  are  understood  to  be 
made  by  tho  cupola  process. 

"Light  castings  are  those  having  any  section  k»ss  than  i  inch. 
"Heavy  castings  have  no  section  loss  than  2  inches. 
"Medium  castings  are  those  not  included  in  the  above  " 


The  test  bar  is  1}  inches  in  diameter  and  15  inches 
long,  and  is  known  as  the  ** Arbitration  Bar.**  The  ten- 
sile test  is  not  recommended  but  if  called  for  a  special 
threaded  test  piec*e  is  turned  down  from  the  ^'Arbitration 
Bar/'  and  has  a  test  section  .S  inch  in  diameter  and  1  inch 
between  shoulders. 

The  transverse  test  is  made  with  supports  12  inches 
apart. 

Fig.  1 42  shows  a  sketch  of  the  patterns  for  these  bars. 
Two  bars  are  rammed  in  a  fhisk  and  poured  on  end. 
The  small  prints  on  the  two  bar  patterns  project  into  the 
cope  and  are  connected  by  one  pouring  basin.  A  special 
green  sand  mixture  is  specified  for  making  these  molds; 
the  molds  are  to  be  bake<l  ])ef()re  pouring,  and  the  bars 
allowed  to  remain  in  the  sand  until  co-d. 

The  following  table  shows  the  specified  recjuirements: 

TESTS  ON  **ARBlTieATEON  BAR" 


IV 


7 

id--' 


Fig.  H2. 

Pattern  for 

Arbitration 

Bar. 


Gkade  of  Castings'     Chkmi«\i,  I*u<»i* 

KKTIKS 


Sulphur  Coniiiit 

Not    OvtT 


Physical  Pkopekties 


I 


Light  caisting.s    i      0.(H  per  ('CMit 

Mecliuin   caHtin^^H'      0.10  per  ccmjI 

Heavy  castingH        0.1  li  per  cent 


rransvcrs**   T«'st*      „,  .    .,     o*  .i_  *.t  . 

Miuimnm  Bn-ak        ^^"^H*'  ^^%l^^^  ^""^ 

'SiK){)  Ih.**.  l.S,(MIO  Il»s.  per  Bq.  ill. 
21XK)  Il»s.  :il,<HM»  Il^s.  per8<i.  in. 
?u\{)i)  Il»s.        i-*4.<KK)  Ii>s.  persq   in 


♦In  no  ca.se  shall  the  deftcctioa  be  undfT  .10  of  an  inch 
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RULES  AND  TABLES 


MENSURATION 


Circumference  ot  a  circle 
Area   ol  a  squart  or  r<*tniigli? 
Area  ot  a  triangle 
Area  of  a  cirde 

Convex    surface  of   a  cylinder 
Convex   surfacu  of   a   splicn; 
Contents  of  a  rectanpjbr  sijlid 
Contents  of  a  cylinder 
Contents  of  a  sphere 
One  side  of  square  having  snmi 
area  as  given  circle 


-  diameH-'r  X  3.1416 
=  base  sidu  X  height 

=  base  X  perpendicular  height 
=  diameter  squared  X  .7S54 
'  circumference  X  height 
=  eircumfereneo  X  diameter 
^  area   of   base  X  height 
=  area  of  basi?"circle  X  height 

-  cube  of  diameter  X  .5823 
i  diameter  X  .8S62 


(  circumference  X 
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AREAS  OF  CIRCLES  AND  THEIR  CIRCUMFERENCES 
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RULES  FOR  USING  PERCENTAGE 

To  find  the  percentage  of  any  number  when  the  rate  'per  cent  is 
given: — Multiply  the  number  by  the  rate  per  cent  and  set  the  decimal 
point  two  places  to  the  left. 

Example:  Find  7.5  per  cent  of  35.  35  X  7.5  =  262.5,  decimal 
point  moved  two  places  to  the  left  gives  Ans.  2.625. 

To  find  what  rate  per  cent  one  number  is  of  another.  Add  two 
ciphers  to  the  [)ercentage  and  divide  by  the  number  on  which  the  per- 
centage is  reckone<l. 

Example:    What  per  cent  of  75  tons  is  9  tons?    900  -^  75  =  12 

Ans.  12  per  cent. 

To  find  a  numl)er  when  the  rate  per  cent  and  the  percentage  is 
known. — Add  two  ciphers  to  the  percentage  and  divide  by  the  rate 
per  cent. 

Example:  If  68  pounds  is  15  per  cent  of  the  entire  charge,  how 
many  pounds  in  the  total  charge?     Ans.  6X00  ^  15  =  453.33  pounds. 

To  find  what  numljer  is  a  certain  per  cent  more  or  less  than  a  given 
number. 

When  the  given  numl)er  is  more  than  the  reciuired  number  add 
two  ciphers  to  the  numl)er  and  divide  by  100  plus  the  rate  per  cent. 

Example:  4i\'y  is  35  per  cent  more  than  what  number?  46500  -r- 
(100  -f  35)  135  ^  344.4.    Ans. 

When  the  given  numl)er  is  //.v.y  than  the  recjuire*!  numl>er  a<ld  two 
ciphers  to  the  numlier  and  rlivide  by  100  minus  the  rate  [>er  cent. 

Example:  526  is  23  [)er  cent  less  than  what  numl>er?  52600-7- 
aOO-23)  77  =  6s:3.116.    Ans. 

CONVENIE.NT  DATA  FOR  STORAGE  CALCULATIONS 

\7'^^  *\i\f\('  inchf-s  —  1  (•\i\tir  ffK»t. 
*J7  rubir  fff<-t       -^  1  i:u\tif  vanj. 

m 

>'^T  ARE    }ittX    Mr.K'^ruK 

A  lx»x  24     /  ir>    irK-h'-fJ  anrl  Js  inch*-?!  fi<-<:p  r-**nt:iiri-  1  harn*I 

*•      *  Ui     /  \i'}]                 "       N      ••           ••            "  1  hu-Ji'l 

*•     ••  si  /  si        •                   \      "           ''  1  Kallon 

"     •*  4     /     M       ••           •        4       "           *•            •*  I  quart 

21  tu\,ii-  f.<  t  of  rivi-r  -and  will  '.v*  igh  ]  ton 

22 ml        1    " 

a>      •         "    '*  .stiff  ckiy      "        "      1    •' 
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USEFUL 

FACTORS 

Inches                            X 

0.08333    = 

feet 

Square  inches                X 

0.00695    = 

sq.  feet 

Cubic  inches                  X 

0.00058    = 

cu.  feet 

Cubic  inches                  X 

0.004320  = 

U.  S.  gallons 

U.  S.  gallons  of  water  X 

8.33 

pounds 

U.S.    "       "     "    X 

231.00 

cu.  inches 

Pounds           "       "      X 

27.72 

ru.  inch(»s 

Ounces            "      "      X 

1.735 

cu.  inches 

WEIGHT  CALCULATIONS 

Weight  of  round  iron  per  foot    =  Square  of  diameter  in  quarter  inches  nuilt: 

pUed  by  .16GG 
Weight  of  flat  iron  per  foot        =  Width  X  thickness  X  10.3 
Weight  of  plates  per  sq.  ft.         =  5  pounds  for  each  J  inch  in  thickness. 
Weight  of  chain  ^  Diameter  squared  X  10.7  (approximate). 

Safe  load  (in  pounds)  for  chain  =  Square  of  quarter  inches  in  diameter  of  bar. 

To  compute  weight  of  metal  from  weight  of  pattern;  no  allowance  for 
cores  or  runners. 


For  Cast  iron 

P  litem  of 
While  Pine 

X  16.7 

Pattern  of 
Mahogany 

X  10.7 

•*    Brass 

X  18. 

X  12.2 

"    Lead 

X  23. 

X  15. 

"    Tin 

X  15. 

X    9. 

"     Zinc 

X  16. 

X  10.4 

Weight  of  brass  pattern  X  .0  -=  wci^lit  of  iron  casting  approximately. 
TABLE  OF  SPECIFIC  GRAVITIES  AND  WEIGHTS  OF  METALS 


6.64  to    f>.74 


Ma  PKitiAi. 

Water  at  3^1  do^r.  F. 

Aluminum 

Antimony,  cast 

Bismuth 

Brass,  cast 

Bronze 

Copper,  cast 

Gold,  pure,  24  carat 

Iron,  cast  6.1^ 

Iron,  wrought       7.6 

Lead 

Mercury  at  60  cleg.  F. 

Platinum  21.      to 

Silver 

Steel,  average 

Spelter  or  Zinc      6.8    to 


SPE<'IFIC 

Gravity 


Weight  peh 
ruHU'  Inch 

(1*UITM).S> 


7.8 
8.4 
8.6 


to 
to 
to 

to 
to 


8.4 
8.6 
8.8 

7.4 

7.9 


22 


7.2 


Tin.  cast 


/.: 


to     /.;> 


1. 

.036 

2.6 

.094 

6.7 

.237 

9.74 

.352 

8.1 

.30 

8.5         1 

.305 

8.7 

.32 

19.25       1 

.70 

7.21 

.263 

7.77       1 

.281 

11.4         ' 

.41 

13.58       i 

.49 

21.5 

.775 

10.5         1 

.386 

7.8 

.283 

7.           1 

.26 

7.35 

1 

.262 

^^^ 
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PRESSURE  IN  MOLDS 

For  depths  below  pouring  ba>in  varying  frr.m  1  inch  to  12  feet, 


I>El»-IH 

Press  PRE 

Depth 

PRESRUKK 

Depth 

Pressure 

Ft.      IX. 

Pkk  S^.  In. 

Ft.         Is. 

Per  S<i.  1>'. 

Ft. 

Is. 

Per  Sg.  Is. 

— . ..  —  .  — 

— ■ 

_ 

-  — 

1 

.26 

19 

^M 

3 

6 

10.92 

2 

.52 

20 

5.20 

4 

12.48 

3 

-  .78 

21 

5.46 

4 

6 

14.04 

4 

1.04 

22 

5.72 

15.60 

5 

1.30 

23 

5.98 

5 

6 

17.16 

fi 

1.56 

2          00 

6.24 

6 

18.72 

7 

1.82 

25 

6.50 

6 

6 

20.28 

8 

2.08 

26 

6.76 

7 

21.84 

9 

2.34 

27 

7.02 

7 

6 

23.40 

10 

2.60 

28 

7.28 

8 

24.96 

11 

2.86 

29 

7.54 

8 

6 

26.52 

1        00 

3.12 

2            6 

7.80 

9 

28.08 

13 

3.38 

31 

806 

9 

6 

29.64 

U 

3f>4 

32 

8.32 

10 

31.20 

15 

3.90 

.•i3 

8.58 

10 

6 

32.76 

1             lr5 

4.16 

31 

S.84 

11 

34.32 

17    ! 

4.42 

35 

9.10 

11 

6 

35.88 

'  1          6 

1 

4.68 

3           00 

9.36 

12 

37.44 

To  find  totiil  lifting  pre:?.sure  on  cop<'  multiply  pressure  per  square  inch  at 
given  depth  below  {xmring  bxsin  by  area  (in  sq.  inches)  of  the  surface  acte<i 
against. 


TEHPERATURES 

From   I. ate  Sei<  ntific  InvrstiRation.^. 


Degrees  Fahrenheit 


(    Y(11.)W 
'  Puri)l(' 


Core  ovens — approximate 250  to  450 

435 

500 

550 

750 

445 

660 

612 

rf  I  ;> 

1 ,775 

1 ,8S5 

1,900 

950 

1 ,075 

1,450 

2.075 

2,230 

2.750 

Annealing  malleable  iron 1 .600  to  1 ,750 


Bright  iron  becomes    '  }  "!7" 

1  indigo      

f  Gray    

Tin  melts 

Mercury  boils 

Lead  melts 

Zinc  melts 

Silver  melts    

Copper  melts 

Gold  melts 

i  a  dark  ro<»ni  jii^l  visible 
Iron  bar  red  in     -  ordinary  oflief    

I  daylight  opi  n  isir 

/-,     .    .  ,.         <  white     

Cast  iron  melts     ■  „^.„ 

1  gray 

Steel  melts 


Raft 


AUTOHATIC  APPLIANCES  FOR  HANDLING 

COAL  AND  IRON  ORE. 


During  the  jwist  quarter  of  a  contury  there  has  lK»en  a  rapid, 
(continuous,  and  truly  plienoinenal  development  in  the  means  and 
methods  for  handlin<;  eoal  and  iron  ore  in  the  transit  from  mine  to 
furnace,  or,  in  other  words,  from  Mother  Earth  to  the  finishtMl 
pn)duct.  To  so  high  a  state  of  ])erfeetion  have  the  utilities  em- 
ployed in  the  handling  of  these  Inilk  eommmlities  been  1)rought, 
that  the  dawning  years  of  the  twentieth  century  tind  praetieally 
the  entire  movement  from  mine  to  market  accomplished  solely  by 
nieehanical  means. 

Surpiasing  as  the  achievcMuents  of  tht»  past  score  and  a  half 
of  years  have  betm  in  labor-saving,  and  consiMjucntly  in  the  cost  of 
handlincr  iron  ore  and  coal,  tliev  liave  not  been  nuire  wonderful 
than  the  economies  of  time  elfected  by  the  nu)re  rapid  handling  of 
the  world's  two  most  important  minerals.  It  is  indeed  a  great  step 
from  the  old  method  of  trundlincr  small  loads  of  the  bulk  nuiterial 
hack  and  forth  in  wheelbarrows,  to  the  new  plan  of  transferring  a 
carload  of  coal  jK*r  minute,  or  to  the  moving  of  ore  by  nunms  of 
grab  buckets  that  scoop  up  automatically  anywhere  from  two  to 
ten  tons  at  each  0|H»riition;  ainl  yet,  as  has  U'en  said,  less  than 
thirty  years  has  Ikvu  nnpiired  to  work  this  anuizing  transformation. 

Tlie  conditions  govern intr  the  movement  of  iron  ore  and  coal 
in  the  United  States  are  [)eculiar  in  that  several  rehand lings  are 
necessary.  The  major  portion  of  the  iron  ore  is  mined  in  tin* 
States  of  Minnesota,  Wisconsin,  and  Michigan;  trans[)ortetl  by  rail 
to  ports  on  I-.jikes  Michigan  and  Sujierior;  and  then  loaded  on 
vessels  which  in  some  instances  carry  it  to  blast  furnaces  l(K*ated 
directly  on  the  shori's  of  the  inlaiul  si»as,  but  which  more  frequeiiMy 
transport  it  to  harbors  on  tbe  south  hliore  of  Lake  Erie,  when*  there 
is  a  transfer  from  the  vessels  to  railr()a<l  cars,  in  which  tlu^  ore  is 
moved  to  the  blast  furnaces  of  that  ureiit  iron-manufacturinix  sec- 
tion  known  as  tht^  ^'  Pittsburij:  District.''  Ilei'e,  finally,  there  is 
still  another  rehand  ling  when  tin*  ore  which  has  been  place<l  in 
stock  piles  is,  as  occasion  re«pi ires,  conveyed  to  the  furnaces      The 
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anthracite  coal  from  the  Pennsylvania  tieltl,  and  the  bituminous 
fuel  from  the  mines  of  Ohio,  Pennsylvania,  and  neighboring  States, 
which  are  shipped  to  points  in  the  West  and  Northwest,  traverse 
in  the  opposite  direction  practically  the  same  route  followed  by 
the  iron  ore,  and  are  subject  to  the  same  rehandlings. 

The  pioneer  inventor  who  successfully  solved  the  problem  of 
haDdling  coal  and  iron  ore  over  a  considerable  range  of  distances 
solely  or  largely  by  mechanical  means,  was  Mr.  Alexander  E. 
Brown,  the  well-known  American  engineer,  the  machines  of  whose 
invention  are  to  tliis  day  accepted  as  the  standard — and  are  indeed 
the  sole — means  of  performing  many  of  the  functions  in  this 
highly  specialized  field. 

BRIDGE  TRAMWAYS. 

At  the  outset,  all  the  operations  of  transferring  iron  ore  from 
ships  to  cars  or  stock  piles,  as  the  case  might  be,  and  of  both 
loading  and  unloading  coal -carrying  vessels  to  and  from  cars  or 
stock  piles,  were  confined  to  a  single  class  of  aj)paratus — hoisting 
and  conveying  machinery  of'what  is  known  as  the  ''bridge  tram- 
way" type;  and  this  form  of  handling  aj)j)liance  is  yet  so  exten- 
sively used  in  moving  both  commodities  as  to  merit  first  attention 
aside  from  its  claim  by  reason  of  |)riority  of  invention. 

A  bridge  tramway  is,  in  ett'ect,  a  miniature  elevaWd  railway 
along  which,  loads  are  eonvey**d  by  the  trolley  system  now  so 
extensively  employed  in  the  industrial  Held.  The  skeleton  bridge 
structure — supported  at  both  ends  by  j)iers--  is  built  of  iron  and 
steel  designed  to  give  the  m.Mximum  strength  with  the  minimum 
weight  of  niaterial,  and  with  all  members  made  of  >ueh  sliajM's, 
and  so  arranged  in  the  trusses,  as  to  oti'er  tlit*  least  possible  surface* 
to  wind-pressure — an  important  consideration  owing  to  the  ex[)osed 
locations  in  which  these  structures  are  ixenerallv  used. 

The  bridge  tramways  proper  usually  range  from  ISO  to  V.^2 
feet  s[)au;  but,  extending  from  the  front  j)ier,  is  a  84-foot  apron 
reaching  from  the  front  of  the  dock  out  over  the  vessel  tied  up  for 
unloading,  while  from  the  rt»ar  j)ier  is  a  cantilever  extiMision  stretch- 
ing back  from  SO  to  104  feet  additional.     Thus  an  area  more  than 

3(X)  feet  wide  is  served   bv  the  tramway.     The   piers  are  of  steel 

.  •  I 

construction,  and  are  high   enough   to  support   the  bridge  on  an 
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incline  with  the  front  end  about  27  feet  above  the  ground  and  the 
rear  end  52  feet  above  the  level.  The  piers  are  mounted  on  wheels 
running  on  tracks,  so  that  the  whole  structure  may  be  ''  skewed  " 
or  moved  sideways  back  and  forth  along  a  dock  to  suit  the  hatches 
of  a  vessel.  Thus  a  vessel  may  be  unloaded  by  having  several 
bridge  tramways  operating  simultaneously  over  as  many  different 
hatchways,  or  openings  in  the  deck;  or  the  cargo  may  be  removed 
by  a  single  tramway  adjusted  so  as  to  o{)erate  in  first  one  division 
of  the  hold  and  then  another,  by  means  of  the  sidewise  movement 
of  the  apparatus. 

Running  along  a  track  suspended  from  the  bridge  between 
the  girders,  is  a  trolley  with  suspended  bottom  block  and  hook  to 
which  is  attached  the  hoisting  or  pulling  line,  and  all  the  motions 
of  which  are  under  perfedt  control  of  the  o])erator  by  means  of 
suitable  levers.  Up  and  down  this  trolley  line,  at  a  s{)t^ed  of  hun- 
dreds of  feet  per  minute,  travels  an  iron  tub  or  bucket  in  which 
the  ore  or  coal  is  carried.  These  buckets  are  made  in  various 
sizes;  but  what  might  be  termed  the  standard  size  has  a  capacity 
of  seventeen  cubic  feet  (or  a  gross  ton)  of  ore. 

The  plan  of  operation  is  practically  the  same  in  all  cases.  If 
coal  or  iron  ore  is  being  unloaded  from  a  vessel,  the  o])erator,  upon 
receivintr  from  the  hold  of  the  vessel  a  si<riial  that  a  tub  is  tilled, 
throws  the  proper  lever,  aiul  hoists  tlu^  bucket  at  full  speed  through 
the  hatch  of  the  boat,  the  bottom  block  hookino;  automaticallv  into 
the  trollev,  and  the  trolley  carrviiio;  the  heavily  laden  bucket  to  a 
point  on  the  bridge  or  cantilever  where  its  j)rogress  is  arrested  by 
dumping-irons  ])laced  at  any  desired  location.  These  irons  auto- 
matically trip  the  latch  of  the  bucket,  allowing  it  to  upset,  dis- 
cliarge  its  load,  and  automatically  right  itself.  As  soon  as  this  is 
done,  the  oiHM'ator  releases  the  lever,  and  the  bucket  returns  bv 
gravity  to  its  starting  point  in  the  hold  of  the  vessel.  The  bi(K*k 
unliooks  automatically  from  tlu^  trolley,  allowino;  the  l)ucket  to  l)e 
lowered  into  the  hold,  whereupon  tlu^  empty  bucket  is  unhooked 
and  a  tilled  one  hooked  on.  If  preferred,  the  oj)erator,  instead  of 
allowing  the  bucket  to  dump  autonnitically,  can  lower  it  to  any 
(lesirtMl  point  for  (lischarj^e,  this  bein<»"  desirable  when  it  is  the 
purpose  to  transfer  tln^  coal  or  ore  directly  to  waiting  railroad  cars. 
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One  of  the  buckets  such  as  have  been  described,  will  make  a 
round  trip  from  the  hold  of  a  vessel  to  the  end  of  a  bridge  tramway 
trolley  line,  and  return — a  distance  of  600  feet — in  one  minute; 
and  in  actual  work  a  rate  of  forty-five  seconds  ])er  round  trip  has 
l>een  averaged  for  hours  at  a  time.  If  the  filling,  handling,  and 
hooking-on  of  buckets  be  done  with  reasonable  dispatch,  a  single 
machine  will  readily  transfer  400  gross  tons  of  ore  per  day  of  ten 
hours.  The  cost  of  handling  coal  and  ore  by  this  means  varies 
from  seven-tenths  of  a  cent  to  two  cents  per  gross  ton. 

The  first  bridge  tramway  plants  were  erected  on  the  iron -ore 
unloading  docks  at  Cleveland,  Ohio,  about  twenty-five  years  ago, 
and  the  new  machines  were  for  a  time  confined  in  their  sphere  of 
usefulness  to  the  empire  of  the  Great  Lakes,  (iradually,  however, 
they  secured  general  adoption,  particularly  for  coal  handling;  and 
they  are  now  to  be  found,  not  only  on  the  Atlantic  and  Pacific 
coasts,  but  in  Germany,  Austria,  Russia,  Sweden,  Egypt,  and 
other  foreign  countries.  Perhaps  the  best  exemplification  of  the 
jK)ssibilities  of  this  Yankee  invention  for  coal  handling,  is  afforded 
at  the  coaling  stations  of  the  United  States  Navy  at  Key  West, 
Dry  Tortugas,  Mare  Island,  Cal.^  and  New  London,  Conn.,  where, 
by  means  of  bridge  tramways  such  as  have  been  described,  fuel  is 
transferred  directly  from'  storage  buildings  (having  a  capacity  of 
10,000  tons  each)  to  the  holds  of  United  States  war  vessels. 

GRAB  BUCKETS. 

During  the  early  history  of  the  bridgi*  Irani  way  plants,  there 
was  universal  employment  of  tubs  or  buckets  wliieli,  although  self- 
dumping,  had  to  be  filled  by  hand.  As  an  improvement  upon 
these,  there  have  been  introduced  various  tvpes  of  self-fillin<r  and 
automatic  dumping  buckets  wliieh  will  handle  from  two-thirds  to 
four-fifths  of  a  cargo  or  consignment  of  the  balk  material  without 
hand -shoveling.  The  most  primitive  forms  of  these  self-filling 
buckets  were  "shovel  "  buckets  of  five  tons'  capacity,  which  scooped 
up  their  load  through  being  dragged  against  the  slope  of  the  coal 
or  ore  pile.  Then  came  the  -grab''  buckets,  descending  with 
open  jaws,  which,  closing,  took  from  the  ore  or  coal  j>ile  a  •■^  bite  "*' 
of  one  ton  or  more  and  held  the  material  securely  until  released  at 
any  desired  point  of  discharge.     This  class  of  buckets  was  intro- 
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dnced,  not  only  in  uonnection  witli  the  finuiliar  bridge  tramwaj-e. 
but  also  in  conjunction  with  wire-rope  cablewaya.  The  latter  have 
bfcn  Titilizfd  to  sonao  extent  for  coal  and  ore  handling,  in  locations 
where  tlw  necessary  span  was  greater  than  could  be  successfullv  cov- 
uritl  by  a  suapt-naiou  structure  of  the  weight  of  a  bridge  trainwav 


CLAM.SHELL  BUCKETS. 

The  most  nci-iit  advances  in  ore-handling  niai-hincry  Lave 
be«u  along  the  development  of  ajiplianct^a  possessing  the  fuuUa- 
nieutal  principle  involved  in  the  grab  bucket  above  mentioned. 
Tlie  supreme  triumph  in  this  field  is  fonnd  in  the  recenlly  devini-J 
uniomatic  ore  unloader,  wUicb,  by  iiieaua  oi  a  clam-shell  attac'i. 
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nwnl— iiii  L-nlHrfpHi  rtlilioii  iif  the  grab  tinukct — will  take  te.i  tuns 
ol  oi*  fnmi  a  ship's  liolil  at  each  o|t«jratiou,  and  by  means  of  which 
it  is  [joflsihln  to  ivniove  fwry  outiw  uf  ore  frtim  a  cargo-hold,  tliiia 
ilispvaBiDg  tiDtircly  with  haud  Hhovelintr,  and  eliminating  the  iaet 
utilization  of  mnniml  labor  in  the  handling  of  the  raw  niatiTiu!. 
fruin  thy  time  it  is  mintxl  by  mtviiis  of  a  steam  shovel  until  it  is 
uitichauically  diimpct]  into  the  blaet  fuTiiacc. 

THE  MULETT  UNLOADER. 

Till-  UnK'tt  automatic  oiv  unloadtn-.  as  tlie  most  [jerft-ct  of 
new  H(.[.liaiii-.-s  \e  known,  ia  a  machine  which  weighs  fully 
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mast  that  carries  the  clam-shell  bucket  used  in  dipping  out  the 
ore.  The  parallel  motion  keeps  the  leg  always  in  a  vertical  posi- 
tion; and  the  weight  of  the  end  of  the  walking  beam,  from  which 
the  bucket  is  suspended,  is  counterbalanced  by  means  of  a  hydraulic 
accumulator  located  at  the  opposite  end. 

To  operate  this  ingenious  apjmratus,  the  walking  beam  is  run 
forward  until  the  depending  leg  is  suspended  directly  over  the  deck 
of  the  vessel.  Then  the  mast,  which  revolves  in  a  complete  circle 
and  in  which  the  operator  is  stationed,  is  lowered  through  a  hatch- 
way and  turned  in  any  direction,  its  radius  being  fully  nine  feet. 
When  open,  the  clam-shell  bucket  has  a  spread  of  19  feet.  After 
the  bucket  has  been  closed  by  hydraulic  {)Ower,  it  is  lifted  from 
the  boat  and  run  back  over  the  dock,  where  its  contents  can,  if 
desired,  be  discharged  directly  into  the  railroad  cars  which  are  to 
convey  the  ore  to  the  blast  furnaces.  Only  three  men  are  required 
to  operate  one  of  these  machines,  which  has  a  capacity  of  25U  tons 
per  hour. 

The  world's  record  for  the  rapid  handling  of  an  ore  cargo  was 
made  a  short  time  ago  at  the  port  of  Conneant,  Ohio,  when  four 
of  these  machines,  in  a  total  working  time  of  4  hours  43  minutes, 
removed  from  the  steamer  Jhuuh  IF,  Jloyt  a  cargo  of  5,300  tons 
of  ore.  All  the  cariro  was  taken  out  by  the  machines,  no  eleaiiinir 
UT)  whatever  by  hand  labor  beincr  necessary. 

FURNACE  HOISTS. 

The  usefulness  of  new  nuirvels  for  haudlintr  ])ulk  materials  is 
by  no  means  confined  to  the  transfer  of  coal  and  iron  ore  to  and 
from  ships,  railroad  cars,  and  stock  piles,  but  is  denionstrated  in 
scarcely  a  less  strikintj  manner  at  ])last  furnaces  and  iron  and  steel 
makintr  ])lants  in  mMieral.  Foremost  amonij  the  utilities  in  this 
field  is  the  furnace  hoist  and  stock-distributer,  which  has  done 
away  entirely  with  the  old-time  dangerous  and  unsatisfactory 
method  of  feeding  blast  furnaces,  and,  by  automatically  charging 
the  furnaces,  dispenses  entirely  with  the  tMn|)loyment  of  top-fillers. 

This  hoist  consists,  in  the  main,  of  an  inclined  steel -trussed 
l)ridge  starting  from  a  pit  and  reaching  to  the  top  of  the  shell  of 
the  furnace,  where  it  terminates  in  an  extension  over  the  top  of  the 
bell  and  hopper.     A  skip  car  with  a  capacity  of  from  2,000  to  0,000 
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pounds  is  arranged  to  ran  on  this  track,  the  hoist  rope  passing 
over  the  top  sheave  and  back  to  the  dram  of  the  hoisting  engine 
near  the  incline.  When  the  skip  car  loaded  with  iron  ore,  .coke, 
or  limestone,  as  the  case  may  be,  arrives  at  the  top  of  the  farnace, 
the  car  is  aatomatically  tipped,  and  the  load  is  dumped  into  the 
great  receptacle,  from  which  the  belt  has  been  aatomatically  lifted 
for  the  purpose. 

At  all  blast  farnaces  the  transfer  of  iron  ore  from  stock  or 
storage  piles  to  furnace  as  the  raw  material  is  required  for 
consamption,  constitates  a  handling  problem  of  some  complexity. 
In  this  work  there  are  employed  steam  shovels,  locomotive  derricks 
equipped  with  grab  buckets,  and,  finally,  various  modifications  of 
the  bridge  tramway.  Some  of  the  bridges  thus  employed  have  a 
clear  span  of  about  250  feet  over  storage  yard  and  railroad  tracks, 
thus  enabling  the  ore  to  be  handled  directly  frotu  railroad  cars  to 
farnaces,  or  from  the  stock  piles  where  the  surplus  supply  is  held. 

CAR-DUMPINO  MACHINES. 

Yet  another  form  of  apparatus  which  is  being  employed  in 
handling  both  coal  and  iron  ore,  is  the  car-dumping  machine.  At 
the  furnaces  these  dumpers  are  utilized  in  some  instances  to  transfer 
the  contents  of  standard -si  zed  railroad  cars  to  smaller  cars  which 
carry  the  material  to  the  furnaces;  but  the  true  province  of  this 
tj^'pe  of  apparatus  is  in  transferring  coal  (for  water  shipment)  from 
cars  to  colliers.     In  this  field  thej  have  found  extensive  utilization. 

There  are  many  different  designs  of  car-dumping  machines; 
but  the  most  efficient  styles  are  those  which  ])ick  up  and  completely 
overturn  the  loaded  car,  transferrintr  its  contents  to  the  hold  of  the 
vessel  to  be  loaded.  The  earliest  forms  of  car  dumpers,  while  en- 
tirely satisfactory  in  the  rapidity  with  which  they  handled  material, 
were  considered  deficient  in  that  they  entailed  a  serious  breakage 
of  the  coal.  This,  however,  was  finally  remedied  hy  modifications 
whereby  the  coal  is  dumped  into  pans  connected  with  chutes  lead- 
ing to  the  vessel,  which  not  only  enable  the  fuel  to  be  handled 
with  far  less  breakage  than  formerly,  but  also  make  it  possible  to 
direct  the  influx  to  any  ])ortion  of  the  hold  desired. 

The  fundamental  feature  of  the  average  car-dumping  machine 
is  a  car- tipping  device  or  cradle  into  which  the  car  is  run  and  then 
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clanijwd,  and  whifh  turns  over  with  the  car  aud  di8<-barges  Us 
contents.  In  &oiue  machines  the  receiving  pin  is  autuniatically 
tiltiil  at  an  angle  proportionate  to  that  of  the  car-tipping  devicf, 
so  that  thi3  coal  slides  gradually  iuslead  of  pmiring  or  falling;  itiid 
in  certain  machines  the  coal  is  not  sent  into  the  vessel  hold  throngh 
a  chute,  hut  la  transferred  from  the  car,  as  it  is  diiin]H!d,  to  transfi-r 
luhfl  or  to  steel  hucketa  arranged  on  the  endless-chain  plan,  which 
convey  it  to  the  cargo  B[iace  hy  easy  stages  and  with  practically  no 
breakage.  Some  of  these  car-duni[iing  niachinea  will  handlo 
upward  of  200  loaded  ears  in  an  ordinary  working  day,  not  only 
actually  transferring  the  coal,  hut  handling  the  loaded  and  empty 
cars  to  and  from  the  machine,  and  obviating  all  necessity  fur  the 
employment  of  a  shifting  engine  and  train-crew. 

COAL-LOADINQ  MACHINES. 

An  ingenious  type  of  coal-loading  machine  is  found  at  Fair, 
(lort  on  the  south  shore  of  I^ke  Erie,  and  at  several  other  iwinta 
in  the  United  Staljs.     TJy  its  dpenitiori  the  cu'd  to  be  loaded  c 
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ItiKit  is  diiiii|HHl  from  the  hop|>er-bottointHl  railroiid  cars  into  a 
large  receiving  hopper  underneath  the  car.  From  this  hopper  the 
fuel  is  delivered  to  a  carrier  of  the  continuous  type,  which  hoists 
it  up  to  an  incIiDe  spout  down  which  it  ]>asses  into  a  telesco[)e 
s[x>ut  and  thus  directly  into  the  boat.  This  telescope  spout  is 
drawn  out  to  its  full  length  at  the  commencement  of  operations, 
and  is  then  gradually  taken  up  or  shortened  as  the  boat  is  tilled. 
By  this  means  the  spout  is  kept  constantly  full  of  coal,  and  the 
breakage  of  the  fuel  is  reduced  to  a  minimum.  It  requires  but 
two  men  to  operate  such  a  luachine,  which  is  driven  by  a  50-horse- 
power  engine.  The  cost  of  an  installation  of  this  kind  is  much 
less  than  in  the  case  of  some  of  the  other  types  of  coal -handling 
machinery,  and  yet  such  a  machine  is  eaj)ab)e  of  loading  from  COO 
to  900  tons  of  coal  per  hour. 
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PRACTICAL  TEST  QUESTIONS. 

In  the  foregoing  sections  of  this  Cyclopedia 
numerous  illustrative  examples  are  worked  out  in 
detail  in  order  to  show  the  application  of  the  various 
methods  and  principles.  Accompanying  these  are 
examples  for  practice  which  will  aid  the  reader  in 
fixing  the  principles  in  mind. 

In  the  following  pages  are  given  a  large  number 
of  test  questions  and  problems  which  afford  a  valu- 
able means  of  testing  the  reader's  knowledge  of  tlie 
subjects  treated.  They  will  be  found  excellent  prac- 
tice for  those  preparing  for  College,  Civil  Service, 
or  Engineer's  License.  In  some  cases  numerical 
answers  are  given  as  a  further  aid  in  this  work. 
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PART    I. 


1.     What  are  some  of  the  causes  of  warping  in  lumber? 
2fi,  Wh(»n  is  metal  used  for  jjattems? 
2lf.    Why  is  nn'tal  lx*tter  than  wood? 

3.  Why  should  plenty  of  oil  be  usitl  on  an  oil-stone? 

4.  Explain  with  sketch  the  method  used  iu  casting  a  small 
hollow  cylinder. 

5.  For  what  fiarts  of  the  pattern  must  the  shrinkage  rule 
be  used? 

6.  Is  the  draft  always  the  same  on  all  parts  of  a  pattern? 

7.  What  is  the  usual  allowance  for  finish  on  small  castings? 

8.  When  must  a  greats -r  amount  be  allowed? 

9.  Undrr  what  conditions  will  a  seasonf-^l  Ixxinl  warji? 

10.  What  wood  is  most  commonly  us^-d  in  ixittem  making? 

11.  Exi>lain  tlie  difference  in  the  manner  in  which  saws  cut 
when  ripping  and  when  crosscutting. 

12.  In   what  direction  should  the  grindstone  revolve  when 
grinding  scraping  tools  or  other  tools  having  a  short  bevel? 

13.  When  is  dry  parting  sand  used? 

14.  Should  a  shrinkage  rule  be  nsal  when  makinga  core  box? 

15.  Why    must     the    pattern    maker    know    something    of 
Mechanical  Drawing? 

1(5:     When  it  is  necessary  to  use  a  wide  piece  for  a  pattern 
how  may  the  tendency  to  warp  be  counteracted?    Make  sketch 
17.     Explain  the  use  of  the  cap-iron  of  a  plane. 
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18.  What  portion  of  the  skew  chisel  does  the  cutting? 

19.  What  is  meant  by  shrinkage  in  pattern  making? 

20.  How  are  the  exact  proportions  of  shrinkage  obtained  for 
different  parts  of  the  pattern? 

21a.  What  is  the  usual  proportion  of  draft  to  each  twelve 
inches  of  surface  on  the  face  of  a  pattern  for  a  cast-iron  pulley? 

215.  What  proportions  on  the  inside  of  the  rim  and  on  the 
hub? 

22.  When  is  it  necessary  to  use  mahogany,  cherry,  or  maple 
for  patterns? 

23.  What  is  lead  in  a  plane-iron,  and  what  determines  the 
amount? 

24.  Explain  the  use  of  a  flask  in  moulding,  and  describe  the 
two  principal  parts. 

25.  What  allowance  must  be  made  on  the  jyattern  for 
shrinkacre  when  the  castiucr  is  niade  of  iron? 

26.  Explain  what  is  meant  by  drrrft  in  pattern  making? 

27.  How  should  lumber  for  patterns  be  seasoned? 

28.  When  a  large  piece  is  to  be  used  for  turning,  should  it  be 
cut  from  a  plank  of  the  required  thickness  or  glued  up  out  of 
thinner  stock?     Give  reasons  for  answers. 

29.  Explain  the  methods  of  grinding  the  brad-awl  and   the 

advantages  of  each  tiiethod. 

30.  Explain  the  use  of  core  ])rints. 

31.  What  is  the  allowance  for  shrinkatre  of  brass? 

32.  What  are  the  usual  allowances  for  drafts 

33.  What  is  meant  hy Jtnlsh  in  pattern  making? 

3-4.  When  gluing  up  pattern  stock,  how  is  the  pressure 
necessary  to  bring  the  glued  surfaces  in  close  contact  usiuilly 
ol)tained^ 
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on  rrHBJ  SITBJEOT  OF 

PATTERN  Mx\JOXGc 

PART  II. 


1.  What  are  rapping  plates? 

2.  Describe  the  process  of  gluing  two  thin  pieces  having 
large  surfaces. 

3.  How  is  end  wood  treated  if  it  is  to  be  glued  to  other  wood? 

4.  Explain  why  the  upper  core  print  sometimes  has  excessive 
draft,  while  the  lower  has  but  little  draft. 

5.  What  are  fillets,  and  where  are  they  used  on  patterns? 

6.  Give  the  dimensions  for  the  arms  of  a  six-arm  pulley  40 
inches  in  diameter  and  12-inch  face:  (a)  Width  and  thickness  at 
hub.     (b)  Width  ^nd  thickness  at  rim. 

7.  The  pulley  mentioned  in  Question  6  is  to  be  fitted  to  a 
shaft  2^^  inches  in  diameter,  (a)  AVliat  should  be  the  diameter  of 
the  hub?     (b)What  should  be  the  length  of  hub? 

8.  What  is  a  follow  board,  and  when  is  its  use  necessary? 

9.  A  pair  of  tight  and  loose  pulleys  12  inches  in  diameter 
and  6^  inches  width  of  face,  are  to  be  fitted  to  a  1\^  inch  shaft, 
(a)  Give  diameter  of  the  hub.     (b)  Give  length  of  hub. 

10.  What  must  be  the  outside  diameter  of  theoritjinal  wooden 
pattern  for  the  rim  of  a  pulley  with  six  arms,  the  diameter  of  the 
finished  pulley  to  be  30  inches  and  the  width  of  face  9  inches? 

11.  (a)  In  the  above  pulley  what  should  be  the  width  and 
thickness  of  the  arms  at  the  rim?  (b)What  should  be  the  width 
and  thickness  of  the  arms  at  the  hub? 

12.  What  are  core pr'uitH  and  when  do  they  form  a  necessary 
part  of  a  pattern? 

13.  How  are  the  two  parts  of  a  parttni  pattern  held  together 
for  turning?     Give  two  methoils. 
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14.  What  are  the  proix)rtions  of  alcohol  and  shellac  gum  for 
[mtteni  maker's  shellac  varnish  ? 

15.  Is  it  always  necessary  to  make  a  ixittern  in  two  parts? 

1().  How  is  colored  shellac  varnish  made?  (a)  How  is  black 
made?    (b)  How  red? 

17.  Give  a  sketch,  including  all  dimensions,  of  the  pattern  for 
a  plain  brass  cylinder  which  is  to  be  finished  "all  over,"  the 
finished  sizes  being  6  inches  long,  4  inches  outside  diameter,  and 
i^  inches  inside  diameter.  All  shrinkage  rule  measurements, 
allow  -^  inch  for  finish. 

18.  What  is  a  core  box,  and  for  what  purpose  is  it  used? 

19.  What  is  used  to  give  a  hanl,  smooth  surface  to  a  com- 
pleted imttem? 

20.  What  color  should  be  used  for  the  inside  of  a  core  box? 

21.  How  can  the  pattern  for  a  small  hollow  cylinder  be 
mouldtHl  if  made  in  one  pi(*ce,  (not  parted)? 

22.  Why  are  core  prints  shellaced  in  a  different  color  from  the 
body  of  the  pittem? 

23.  What  are  doivelpius^  and  why  are  they  usckI  in  a  ixirted 
imtteni? 

24.  How  long  a  time  should  each  coat  of  shellac  have  for  dry- 
ing before  anotlier  coat  is  applicMl? 

25.  (Jive  sk(4ch  showing  shaiK3  and  dimensions  of  core  lx)x 
for  pattern  mentiont^l  in  (^)nestion  17. 

2^).  It  is  required  to  niakc^  the  pattern  for  a  five-^irm  lo-inch 
hand-wheel,  tlio  rim  and  hub  of  wliieli  are  to  be  turned  and 
fini  ;hed.  The  finished  diameter  of  the  round  rim  is  to  be  1^  inches, 
and  of  hub  2;^  inches.  Allowing  -^V  inch  for  finish,  give  all  dimen- 
sions for  the  wooden  pattern,  including  width  and  thickne'ss  of 
arms  at  the  rim  and  at  the  hub. 

27.  Give  a  sketch  and  all  dimensions  (shrinkage  nde  measuns 
ments)  of  the  ])attern  for  a  cast-iron  cylinder  having  a  projecting 
flange,  on  eaeh  end  (s(m^  Fig.  1  iU),  tlie  cylinder  to  be  boretl  out  and 
finished  all  over,  tlu>  finished  sizes  being  as  follows:  Length  8 
inches,  diameter  of  llanges  5i  inches,  thickness  of  flanges  jj  inch, 
the  diameter  of  the  body  of  the  cylinder  outside  4  inches,  and 
inside  l]\  in(*hes,  all(^wing  i^  inch  for  finish. 

28.  Can  the  above  patteTn  be  moulded  without  being  jxirted? 
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The  drawings  made  in  accordance  with  the  problems  below 
should  be  traced  in  ink  on  tracing  cloth  18  by  24  inches  in  size, 
and  having  a  border  line  i  inch  inside  the  edge  of  the  paper. 

PROBLEMS. 

1.  Suppose  a  30-inch  pulley  is  substituted  for  the  42-inch 
in  the  problem  given,  and  that  the  pulley  on  the  motor  remains 
lOi  inches  as  before,  how  fast  must  the  motor  run  to  give  the  rope 
the  same  speed,  150  feet  per  minute  ? 

2.  Will  the  horse-power  of  the  motor  be  changed  with  this 
new  condition  ?     Explain  fully. 

3.  Calculate  the  width  of  double  belt  for  above  condition. 

4.  AVhat  is  the  torque  on  the  motor  shaft  for  above  condition? 

5.  Calculate  the  size  of  shaft  in  the  small  pulley  for  above 
condition. 

6.  Calculate  the  size  of  shaft  in  the  30-inch  pulley  for  above 
condition. 

7.  Design  and  draw  both  pulleys  for  above  condition,  male- 
Ing  complete  working  drawings,  and  giving  all  calculations  in  full. 

8.  Taking  the  original  problem  as  given  in  the  text,  suppose 
it  is  desired  to  increase  the  large  gear  to  45  inches  diameter,  cal- 
culate the  load  on  the  tooth,  and  a  suitable  pitch  and  face  to  take 
this  load. 

9.  IIow  many  teeth  must  the  pinion  have  to  give  the  same 
speed  of  ro[)e,  150  feet  per  minute,  assuming  that  the  motor 
runs  470  revolutions  per  minute,  for  condition  in  Problem  8  ? 

10.  Calculate  the  bore  of  pinion  for  this  case. 

11.  Design  and  draw  the  gears  for  the  conditions  of  Prob* 
lems  8  and  9,  giving  all  calculations  in  full. 


549 


MACHINE  DESIGN 


12.  When  there  is  but  3,000  pounds  on  the  rope,  what  are 
the  tensions  in  each  end  of  the  brake  strap,  assuming  that  the  size 
of  drum  and  other  conditions  remain  the  same  ? 

13.  How  much  pressure  on  the  foot  lever  would  it  take  to 
hold  this  load  of  3,000  pounds  on  the  ro|)e  ? 

14.  Suppose  we  put  a  bearing  9  inches  long  on  the  drum 
shaft;  the  distance,  center  to  center  of  bearings,  would  then  be  3 
feet  8|  inches,  gears,  drum,  brake,  and  load  being  same  as  in  the 
original  problem  of  the  text.  Calculate  the  diameter  of  the  drum 
shaft. 

15.  Suppose  the  height  of  bracket,  center  to  base,  to  be  15 
inches;  length  and  diameter  of  bearing,  as  in  Problem  14;  and  that 
we  use  a  separate  bracket  for  the  drum  bearings,  not  conncK^ttnl 
with  the  pinion -shaft  bearings.     Design  and  draw  such  a  bracket. 

10.  Calculate,  design,  and  draw  all  the  parts  for  a  machine 
'gimilar  to  that  of  the  text,  from  the  following  data: 

Load  on  rope 4,000  j)ounds. 

Speed  of  rope 175  feet  |)er  minute. 

Length  of  rope  to  be  reeled  in  ... .  250  feet. 

Problem  16,  is  supposed  to  be  worked  out  on  the  same  lines  as 
the  text,  b'lt  is  wholly  original  in  its  nature,  being  based  on  entirely  new  data. 
It  is  not  expected  that  this  problem  will  be  attempted  except  by  woll-advanced 
students  who  can  give  considerable  time  to  working  it  out  completely.  It  will 
be  found,  however,  an  excellent  exorcise  in  original  and  yet  simple  design. 
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ON    THB    SlJJ3,tEXn:    ov* 


METAI^I.URGY. 


i.     What  is  blister  steel?     How  is  it  made? 

2.  What  takes  place  when  cast  iron  is  made  into  wroaght 
iron  ?     Name  the  principal  process. 

3.  Name    three  ores  of  iron  with  their  approximate  per- 
centages of  iron. 

4.  Why  is  the  percentage    of   silicon  important   m   iron 
castings? 

5.  What  are  the  advantages  of  the  Bessemer  process  of 
making  steel?     Of  the  Open  Hearth  process? 

G.     Explain  the  process  for  reducing  iron  ore  to  metallic 
iron.     Give  reaction. 

7.  What  is  the  advantage  of  heating  the  blast  of  the  blast 
furnace  ? 

8.  By  what  method  is  wrought  iron  made  directly  from 
the  ore? 

9.  Give  some  of  the  qualities  of  pig  iron.     What  chemical 
elements  does  it  usually  contfiin? 

10.  Why  has  mild  steel  replaced  wrought  iron?     Why  is 
wrought  iron  more  easily  welded  than  mild  steel  ? 

1 1 .  What  is  flux  ?     What  is  slag  ? 

12.  Why  does  pig  iron  make  good  castings? 

13.  What  is  spiegel?     State  its  use  and  approximate  com- 
position. 

14.  Descrilje  briefly  the  Bessemer  converter. 
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II K  >'  I  1^:  W     Q  U  K  S  T  I  O  N  S 


Olf       TlIK      HUUJKOT      OV 


F  O  U  X  1>  R  V    W  O  K  K 


PART     I 


1.  Why  is  facing  used  on  a  mold? 

2.  What  is  tlie  practical  way  to  t(\st  tlie  temper  of  molding 
sandy 

*i.  What  are  chaplets? 

4.  What  three  forms  of  gases  must  he  carried  off  by  venting? 

5.  What  is  a  skimming  gate? 

6.  What  are  the  properties  of  a  good  molding  sand? 

7.  W^hen  making  a  large  core  what  provision  is  made  for  hand- 
ling it  after  baking? 

8.  How  should  a  deep  mold  of  heavy  section  be  gated? 
0.  How  tire  molds  for  pulleys  usually  *:Mted? 

10.  Wl.iit  arc  risers? 

11.  What  is  tiic  ctlcct  on  tlie  castin;;  of  ranunin;^  the  mold  too 
hard? 

12.  Name  two  means  used  tc  snpp^Mt  the  sand  in  tlie  cope  of  a 
mold: 

lo.  What  are  the  conunon  forms  of  eliaplets? 

14.  How   are  the  sides  of  (lec[)  molds  \eiitc(l  wIkmi  a  (lask  i> 
used? 

ir>.  What  is  tlie  upward  pnvssure  on  a  cope  where  the  ex[)osed 

surface  is  2  feet  scpiare  and  the  de|)th  10  iuclies? 

10.  Whv  is  l>hickiii;j  usimI  on  ;i  core? 

17.  How  are  molds  secured  before  |)ouring? 

15.  What  arc*  ^ajxi^ers? 

10.  Whal  precautions  iwv  taken  in  venting  the  sides  and  bottom 
of  Vv'orl'  which  is  bedded  in  the  floor? 

20.  Xainc  three  im[)ortant  objects  sought  in  venting  a  mold. 
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«»  N       T  UK       W  I'   ll.l   KCr       1>  K 


F  <)  U  N  I>  1^  V     W  O  R  Tv 


1»  A  KT    II 


J.  \Vhat  is  ni(»ant  l>y  tlir  siind  hotloin  of  a  cupola?  How  is  it 
I  >rine(l  ? 

2.  How  many  tliickiu'sscs  of  fire  brick  is  usually  placed  inside 
of  tlie  slu^ll  of  a  cu|)ola''' 

'^.  In  the  (lesi^rn  of  a  cupola,  what  i)earinfi;  should  the  class  of 
work  to  l)e  poured  liave  c)n  tlie  heit^ht  at  which  the  tuyerts  should  be 
placed  above  the  bed? 

4.     What  are  some  of  the  precautions  necessary  in  pouring  a 
mold  in  order  to  obtain  the  best  results? 

o.     Describe  the  operations  in  making  a  simple  loam  mold. 

().  Having  ().">  per  cent  of  a  mixture  settl(*d  u|)on,  with  a  silicon 
content  of  \A)i\  j)er  cent,  in  wliat  proportions  could  Xo.  I  and  No.  3 
irons  be  a<lded,  with  silicon  2Xh)-\.7')  per  cent  respectively,  so  that 
the  castin<xs  should  contain  2.2.")  per  cent  silicon?  Deduct  20  j)er  cent 
silicon  for  loss  in  cu|)ola. 

7.  State  the  successive  steps  nc'-essary  in  o|>eratin;^  a  cu[)ola 
furnace. 

S.     How  should  the  ImmI  char<]je  for  a  new  cupola  be  determined? 

9.  What  regulates  the  amount  of  fuel  to  be  j)ut  between  the 
charges  of  iron  in  a  cupola? 

10.  What  is  the  diiference  between  the  shrinkage  of  steel  cast- 
ings and  that  of  iron? 

1 1.  What  are  some  of  the  meth-xls  used  to  prcKluce  sound  steel 
castings? 

12.  How  is  steel  [>oured?     What  precautions  are  taken  to  pre- 
vent a  mold  for  steel  bein*'  **cut'M)v  the  rush  of  the  metal? 
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13.  What  precautions  are  taken  to  prevent  fracture  at  interior 
comers  on  steel  castings? 

14.  How  does  the  riser  on  a  steel  casting  differ  from  one  f.)i 
iron? 

15.  What  kinds  of  flasks  are  generally  useil  for  steel  molds? 
Whv? 

16.  Wliat  process  are  the  larger  steel  castings  put  through  to 
relieve  ir  »*.rnal  shrinkage  strains? 

"* ^       Vhat  are  some  of  the  proj>erties  of  brass  molding  sand? 
18.     In  what  order  are  the  metals  for  hronze  melted? 
1?.     Wh«t  care  must  he  used  in  melting  and  mixing  brass? 

20.  What  is  the  highest  piTcentage  of  tin  that  may  be  mixed 
v>iih  copper  and  fonu  a  serviceable  alloy? 

21.  Wliat  are  the  usual  proj)ortions  of  copper  and  zinc  in  yellow 
•Drass? 

22.  How  is  a  common  brass  furnace  constructed? 

23.  Why  must  copjx*r  alloys  l)e  melted  without  access  of  oxygen? 

24.  What  is  the  best  modern  metluKl  of  heating  and  ventilating 
a  foundr\'? 

25.  What  IS  the  basis  of  Keeps  tests;  and  what  size  bar  is  useti 
for  them? 

20.  Wliat  is  the  size  of  the  test  bar  or  *'Arbitrati(m  Bar"  so 
calletl,  recommended  bv  the  American  Founilrvmcns'  Association; 
and  how  is  it  pciurcd? 

27.  ^^^lat  is  the  a(lvanta<i:e  of  ovcrlicad  travelin*^  cranes  over 
jib  cranes? 

2S.     Where  shouhftho  blower  bo  \  \u'cd  in  relation  to  the  cupola? 

20.  What  is  the  a<lvaiita<n'  of  liaviii;;  tlu*  coke  and  iron  stora<:e 
on  a  le\el  with  the  charging  platform  of  the  cn|)ola? 

30.  How  are  floors  for  light  work  su})p!icd  with  iron  when  at  u 
distance   from   the   cupola? 

31.  Where  should  the  sand  mixers  be  placed  relative  to  the  saml 
storage  bins? 

32.  What  points  should  be  considered  in  locating  the  foreman's 
office? 

33.  In  an  S  ton  heat  the  first  metal  came  down  at  2:.30  o'clock^ 
the  bottom  was  dropped  at  \\\7)  o'clock.  What  was  the  rate  of  melting 
for  that  ]' eat?     (1  )ividc  tons  bv  time  in  honrsl  i   ^ 
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